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Planning.
An estimated 70% of the world's urban population has inadequate or
unsafe vater supply and 85% depend on primitive waste disposal methods.
Millions of these households live in the rapidly growing squatter areas
of the cities of developing countries.
The questions addressed by this thesis are: how to improve the living
conditions of squatter households presently living in totally unserviced
areas, unaffected by government programs and services; how to reallocate
scarce resources to meet the needs of as many of these households as possible;
how to enable individual households and communities to improve their own
conditions in the face of government inaction. The assumption was reluctantly
made that present national and international priorities will continue -- that
the resources allocated to this sector will continue to be minimal. It was
further assumed that squatter areas will continue to form and grow. In this
context of government default and deteriorating conditions the development of
low-cost, intermediate technology and greater use of self-help in the provision
of water and waste disposal services is proposed.
The provision of these services in the past has been assumed to be a
public responsibility. However, the government has failed at a massive
scale to provide adequate service for urban residents. Policies have shon
a systematic bias against the millions of residents of squatter areas.
The complexity of conventional water/waste technology has defied the
attempts of individual households and communities to provide service for
themselves. Although squatters have successfully provided a number of other
community services and facilities using self-help, successful efforts to install
water and waste disposal systems have been infrequent.
The combination of government default and community inaction results in
a void in which no action is being taken to meet the water and waste disposal
needs of squatter communities. This thesis proposes the following action to
change this situation:
(1) Activity aimed at improving the living conditions in squatter areas should
focus on the provision of water and waste disposal services, rather than
on the provision of housing units. Water supply and waste disposal systems
are the two infrastructure systems with the most direct and dramatic impact
on human survival and the quality of the human environment.
(2) Alternatives to the conventional water/waste technology, appropriate to the
needs and resources of the situation, must be developed if squatter areas
are to receive service. This must include:
-technology of "intermediate" complexity, bridging the gap between the
traditional means of dealing with the problem and the needs of dense
urban settlements;
-technology of small or intermediate scale, allowing solutions requiring
organization and investment within the capacity of the individual
household or community;
- technology which maximizes the utility of available local resources
(including the abundant labor supply), limits water consumption where
necessary or desirable, and pollutes the residential environment as
little as possible.
It is recommended that this activity particularly consider the development of
non-network, non-water-borne waste disposal systems for the disposal of human
waste, such as the compost privy. The use of such a system in combination
with a system for recycling the remaining household wastewater would:
-eliminate the need for and cost of sewer pipe networks;
-result in lower household water consumption than a water-borne waste
system;
-allow use of the final waste product as fertilizer
-simplify and cheapen the process of recycling household wastewater
for re-use;
-eliminate the cost of removing industrial waste from community wastewater,
.by having separate systems at the neighborhood scale;
-reduce the cost of water service, by recycling water at the community
level, eliminating the need- for a pipe network to distribute water from
a municipal source;
-enable a household or community to service itself with minimal capital
cost through a system which may be developed incrementally;
Such a system is only one from a range of possible alternatives. If the present
conditions in squatter settlements are to be improved, if the levels of
death and disease are to be reduced, and if the residents are to be able to
contribute positively to society and the economy, this greater flexibility of
technology choice is essential.
Thesis Supervisor: Ian Donald Terner
Associate Professor of Urban Studies and Planning
CHAPTER I: INTRODUCTION
Millions of residents of the rapidly growing cities of developing
countries live without adequate1 water and sanitary services. It is estimated
that 65% of the urban population of developing countries does not receive piped
water in their homes and that about 41% have no access to piped water at all
within a reasonable distance.2 A far greater percentage are receiving inadequate
waste disposal service. Among the residents of the rapidly growing areas of
spontaneous settlement (squatter areas) the percentage of households not
receiving water and waste disposal service is far higher.
As the cities continue to grow the environmental conditions of their
overcrowded residential areas will continue to worsen. Although there is
enormous variation in the growth rate from country to country, it is generally
agreed that urban population in developing countries will continue to grow at
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a rate of at least 5-6% . The growth rate of the squatter population may be as
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high as 12%5. The rates of disease and death among the residents of squatter
areas are staggering and the ability of these people to contribute to their
society and economy is substantially reduced by the conditions under which
they live.
National and international programs addressed to improving the physical
conditions of the squatter settlements have traditionally emphasized the errad-
ication of existing settlements and the construction of new housing units for
the displaced families. These housing programs, usually implemented at only
token scale, have poorly duplicated at great expense the abilities of the
squatters to construct their own housing.
The questions addressed by this thesis are:how to improve the living
conditions of squatter households presently living in unserviced areas unaffected
by existing government programs and services; how to reallocate scarce resources
to meet the needs of as many of these households as possible; how to enable
individual households and communities to improve their own conditions in the
face of government inaction. It is my reluctant assumption that present
national and international priorities will continue -- that the resources
allocated to improve the conditions in squatter areas will continue to be
minimal. The thesis is written within this context; if this'situation should
change, the proposals of the thesis might also be subject to revision.
The thesis presented here is twofold:
First, activity aimed at improving the living conditions in squatter
areas should focus on the provision of water and waste disposal services, rather
than on the provision of housing units. Water supply and waste disposal systems
are the two infrastructure systems with the most direct and dramatic impact on the
quality of the human environment and human survival. Surveys of residents of
squatter areas indicate that adequate water service is consistently one of
their highest priorities.6 While waste disposal does not rank as high on the
list of needs as perceived by residents, the clear link between the two systems
and the high rates of disease and death directly attributable to poor waste disposal
make action in this area imperative.
Second, alternatives to the conventional water/waste technology, appropriate
to the needs and resources of the situationmust be developed if squatter areas
are ever to receive service. This must include:
(a) technology of "intermediate" complexity, bridging the gap between the
traditional means of dealing with the problem and the needs of dense
urban settlements;
(b) technology of small or intermediate scale, allowing solutions requiring
organization and investment within the capacity of the individual
household or community;
(c) technology which maximizes the utility of available local resources
(including the abundant labor supply), limits water consumption where
necessary or desirable, and pollutes the residential environment as
little as possible.
Housing is a red herring. The 'housing' problem of squatter households
is only a symptom of the more pervasive problem of poverty. Most families in
the world live in housing roughly commensurate with their income -- in many
cases that income is simply too low to provide for 'standard' housing. John
Turner has estimated that a family in Tanzania must earn five times subsistence
incomes to afford a 'standard' house. 90% of the households in the nation
earn below that level. Although this percentage varies from nation to nation
the problem is universal. Poor housing is a symptom of poverty and an
inequitable social and economic system.
The poor quality of the residential environment of most squatter areas
results from the poverty of the residents and from their lack of political
power.. These facts reinforce each other. The residents not only are unable
to command services by competing on the market, they are also unable to apply
sufficient political pressure to demand extension of regular municipal services.
Solution of the 'housing' problem and improvement of the residential
einyironment require both long run and short run action. In the long run, the
poverty of these households must be considered in developing overall economic
and social policies. The implications of national policies for the incomes and
priorities of the average family living on subsistence income must be considered.
If and when governments implement income redistributive policies, the income
and standard of living of these families will rise and they will be better able
to improve their own environment.
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In the short run, more direct action must be taken to improve the conditions
of the residential environment in squatter areas. As a United Nations task
force recently stated, "not only the quality of life, but life itself, is
threatened by conditions in these areas." 8 This situation cannot wait for long
range policies to be adopted and implemented. We are not discussing a static
situation; the urban population of developing countries is expanding rapidly.
As the population of squatter areas increases, the conditions deteriorate. As
the overall demand for service increases, the chances of extension of service
to squatter areas decreases. A new approach is essential if these households
are to receive the water and sanitary services which are vital to improving
the deteriorating environmental conditions in which they live.
Intervention in the Provision of Water/Waste Service
As stated perviously, the limited resources directed toward improving
squatter conditions have been used nearly exclusively for the construction of
housing. However, it is increasingly clear that the creation of dwelling units
is not a serious technical problem. An energetic and determined population has
creatively adapted traditional home building techniques to the demands and
materials of the urban environment. Houses do get built. But in almost all
cases this production is constrained and the finished buildings threatened by
an inability to provide an adequate level of supporting services. All too often
these houses are built in areas deprived of the most basic urban services.
While individuals and small groups are able to build homes for themselves, they
have been unable to create urban water supply and waste disposal systems. They
have labor but no capital, they have access to raw materials but not the means
of production. As Richard Bender has said, "they are surrounded by a technology
which is outside their reach. They are not important enough for the system to
tespond to them."9
11)
The provision of water supply and waste disposal service has been assumed in
the past to be the responsibility of large collectivities -- municipal, regional,
or national governments, or quasi-public bodies established by these governments.
These large collectivities have failed at a massive scale to provide adequate
service for urban residents. This failure has been particularly acute in the
case of the poorest urban households. Policies have shown a systematic bias against
the millions of inhabitants of spontaneously settled squatter areas.
The complexity of conventional water/waste system technology has defied
the attempts of individual households and communties to provide services for
themselves. Although squatters have successfully provided a variety of other
community services and facilities for themselves, successful efforts to install
water and waste systems have been infrequent.
To the limited extent that governments have attempted to provide service
for squatter households their efforts have been frustrated by the demands and
constraints of the conventional technology and its mismatch to the situation --
the very high capital costs, the rigid pipe network, the high per unit cost
(relative to resources allocated for these households), the difficulty of
installing standard systems in the marginal land on which most squatter settle-
ments have developed. These problems and frustrations have decreased (if that is
possible) governments' interest and willingness to provide service to squatter
areas.
This combination of government default and community inaction has resulted
in a void in which no action is being taken to provide water and sanitary
services to squatter communities. The unavailability of these services, vital
to human existence, clearly requires greater attention than it has received in
the past. I believe that the following four reasons make it particularly important
to focus on these services at this time:
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First, water and waste systems are the components most lacking in the
squatter environment, and the most difficult for individual households to
develop on their own. A change of policy in this area -- either mandating
government provision of this infrastructure or supporting community initiatives--
would fill a present void, encouraging activity in an area where presently there
is none, rather than duplicating, atprohibitively high cost,- the squatters' own
abilities as has been the experience with government housing programs.
Second, this is an area where present government policies actively
discourage squatter initiative. The traditional view of squatter areas as
hopelessly squalid, illegal conglomerations of lawless prostitutes and potential
revolutionaries 10 has led governments to vigorously discourage the formation
and stabilization of such settlements. Refusing to recognize the inevitability
and positive aspects of such settlement patterns, governments have also refused
to legitimize these settlements, fearing that such a policy would merely
encourage accelerated growth. Moreover, granting land tenure, the first step
in a policy of legalization, directly contradicts the self-interest of the
government and ruling class -- owners of the land on which the squatters have
settled. Legalization of the settlements also legitimizes the demands of their
residents for municipal services -- a fact not lost on the squatters as is
documented in case studies of the Rio de Janiero favelas (see articles by Elizabeth
and Anthony Leeds11 and Janice Perlman 12). William Mangin has observed that
residents of Lima's barriadas have even expressed an eagerness to pay taxes
as this would signify an official recognition of their tenure.13 Without tenure
and in the face of constant official opposition it is not surprising that there
has been limited local initiative to develop water supply and waste disposal
systems.
However, in the last decade governments and international bodies previously
13)
unwilling to acknowledge the existence of the squatters have increasingly
recognized the inevitability of spontaneous settlement, its positive aspects and
the potential for government intervention in guiding this growth. This attitude
is illustrated in the Report of the United Nations Seminar on the Improvement
of Slums and Uncontrolled Settlements in 1973:
"Despite their poverty, the people of these settlemetits make a
substantial contribution to the economy of the urban centre; they
have a sense of community and a drive for social improvement that
is often hard to parallel. Any investment expenditures programmed
in the slum community can thus be expected to yield economic returns
proportionately greater than equal expenditures in the urban centre.
The immense human and social potentials in these areas provide a
unique basis for the rejuvenation and restructuring of some of our
outmoded social institutions and concepts.....It is time to end
unproductive negativism in attitudes and pproaches to the problem
of slums and uncontrolled settlements."
Such a changing attitude provides opportunities which have not previously
existed for upgrading existing settlements and planning new growth.
Third, the technological limitations of standard water and waste systems
have heretofore prohibited installation of conventional systems in many squatter
communities. Alternative technologies being developed make a range of
solutions and technologies increasingly possible. These new systems are
discussed in Chapter 5. Their flexibility allows decentralized activity,
encouraging initiative on the part of individual households and communities
to improve their own conditions which was previously impossible.
Fourth, by concentrating on the provision of water supply and waste
disposal services it will be possible to upgrade the living conditions of
significantly more families than have been served in the past by the allocation
of the same funds to squatter housing programs. The use of labor intensive
methods of construction, and intermediate technology will also allow more
families to be serviced than might be serviced if a capital intensive, high
technology system were installed. This approach allows limited resources to be
spread much further, improving the environment of substantially more families.
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These simultaneously changing situations coincide to provide a new
opportunity to move beyond the bounds of conventional water/waste technology to
develop new organizational and institutional solutions employing new mixes of
technology. For decades households have lived in squalor because, in theory, no
solution was technologically, economically, or politically possible. These
impossibilities have reinforced and perpetuated each other, locking millions
into an environment of disease and death. Now we have-reached a point where it
is possible to develop solutions which are politically palatable, or, more important,
do not depend on massive investment and assistance from the government. Uno
Winblad has stated the situation well:
"Conventional [water and] sanitary systems based on the technology and
standards of develooed countries are simply irrelevant to developing
countries today and in the forseeable future. The great majority of the
people of these countries are not likely to be able to afford any it 15installations' other than those which they can build for themselves.
Action in the provision of these services must include a broad range of
possible solutions. The lack of activity, both government and self-initiated,
in the past has been in part the result of the demands of the conventional
technology. The time has come to look beyond these conventional solutions to new
tedhnology and institutional arrangements. It is appropriate and necessary to
develop a range of solutions appropriate to the needs of the rapidly growing
squatter areas of developing countries; solutions which are sufficiently flexible
to accomodate the physical, economic, and political constraints of the situation.
This range of solutions should include systems which can be initiated, installed,
and maintained by an individual household or community with minimal external
support, and labor intensive systems which fully utilize the abundant labor
available. It is not necessarily the case that systems will be both decentralized
and labor-intensive (although some may). The relative importance of the two
characteristics will vary depending on the situation. For example, a government
with scarce resources but a commitment to providing service to all residents might
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install a centralized system using labor-intensive means; on the other hand,
a government with abundant capital (an oil nation for example), scarce water
resources, and scattered development, might choose to install capital-intensive
decentralized service.
Previous work in this area
This thesis is the logical extension of work done in recent years by John
F.C. Turner and others changing the prevailing myths and attitudes surrounding
squatter areas and their residents.16 The literature resulting from this work
has discussed the social and housing situation of squatters in depth and has
been responsible for increasing acceptance of the positive aspects of squatter
communities and the enormous potential of their residents. This shift in
attitude has included recognition of the mismatch between centralized high-
technology systems and the needs of squatters. One result has been the increased
acceptance of self-help approaches to housing construction.
This extensive squatter/self-help housing literature unfortunately makes
only passing reference to the need for housing support systems. Mention of
water/waste systems is usually limited to commenting that such service must
depend on the initiative and good will of the government and is a high priority
of the squatters.
Literature in the field of water/waste technology for developing countries
is sparse, highly technical, and oriented toward large scale systems: hydro-
electric projects, dams, irrigation networks, central treatment plants, and
national water resource planning. The technology involved is capital-intensive
adopted directly from the technology of developed nations with little thought
as to its appropriateness to the different needs and constraints of developing
nations. The needs of the vast segments of the populations of these countries
presently without water and waste disposal service remains virtually
unmentioned in this literature. The regional and national systems discussed do
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not fit the needs of the squatter areas for a variety of physical, political and
and economic reasons. There has been little effort to look beyond these conven-
tional solutions to alternative solutions.
In this thesis I attempt to bridge the gap between the social science
literature discussing squatters, their residential environments, needs, and
priorities and the engineering literature focusing on the development of capital
intensive, high-technology systems at the regional or national scale. The
following chapters will discuss alternative means of providing services to
urban areas previously excluded from muncipal water and waste disposal service.
It is my hope that this discussion will begin to close the gap between the needs
of the squatters and the solutions proposed by the engineers and technicians.
Context: Need for a National Policy
Although the focus of this thesis will be the provision of water and
sanitary services to only one component of the city -- the spontaneous squatter
settlements, households which have reached what Turner characterizes as the
'consolidator' stage17 -- action in this area will be most effective if it
occurs within the framework of a coherent national housing and land policy.
Such a policy should cover at least four broad areas:
Long Range
(1) Policy to rationalize migration from rural areas to the primate city.
Such a policy should include improving conditions in rural areas and
smaller cities, educating potential migrants to the realities of urban
conditions, and encouraging migration to secondary cities. However, even
if such a policy were implemented immediately there would be a lag time
before it became effective; even then migration would not cease completely.
High growth rates in squatter areas can be expected to continue at least
in the near future.
17)
Policies to upgrade rural areas and discourage migration complement
rather than supplant policies to upgrade existing urban areas and plan for
future growth. It has been argued that improving existing urban areas
will encourage migration and thus be self-defeating (and counteract anti-
migration policies). In fact surveys of residents of squatter areas in
Brazil conducted by J. Perlman indicate that the higher quality of the urban
living environment was not a major factor in the decision to migrate.18 This
decision was usually based on real or perceived imDrovements of economic
opportunity. It can be argued therefore that improvement of existing squatter
areas will not substantially increase migration, particularly if conditions
and opportunities in rural areas can be simultaneously improved.
Short Range
(2) Slum housing in the central city serves the immediate needs of migrants,
providing them with rental units close to multiple employment opportunities.
At present these tenement units are usually desperately overcrowded, having
been subdivided many times since their original construction as middle or
upper income units. Often the occupants sleep in several shifts to utilize
the space to its maximum.. As central city areas are 'renewed' the remaining
housing becomes increasingly overcrowded and rent gougers run amuck.
Government housing policy must come to grips with this sector, providing
minimal units for minimal rent to meet the needs of recently arrived migrants
19
--those Turner has described as 'bridgeheaders' . Any new construction
program should be designed to include this market.
Included under this category might also be strategies to provide for
households nowsquatting in extremely marginal central city locations which
are impossible/impractical to upgrade -- families who have built temporary
shacks in drainage ditches, under bridges, and in other such locations whose
topography makes them unlikely candidates for upgrading.
18)
(3) The upgrading of the existing squatter settlements, the home of Turner's
'cnnsolidatorsj presents the greatest opportunity for effective action and
policy change for the least allocation of national resources. This approach
has been largely ignored as policy has promoted the demolition of squatter
areas, the construction of new replacement housing and site and service projects
on new locations. Although recently rhetoric in this area has increased,20
improvement of existing settlements as a result of government initiative is
still relatively rare. The activities of the governments of India (the
21
Calcutta bustee improvement program), Peru (community development in the
'il 22
villas jovenes') and Colombia (the community development activity of the
ICT 3 provide a variety of models to be considered. The provision of tenure
and availability of credit for incremental improvement of homes are critical
components of any program to upgrade existing settlements.
(4) Government policy must take into account the continued rapid growth of the
urban population and plan for areas of new settlement. Unless the inevitability
of this growth is acknowledged and plans made which will accommodate it new
settlement will continue haphazardly -- perpetuating on a large scale the
present difficulties of providing adequate services and facilties for urban
residents. A national or municipal settlement policy should allocate land
for settlement in locations which suit the needs of the squatters in terms
particularly of proximity to job. At minimum, these locations should be
surveyed to allow room for later growth. Space should be reserved for
installation of public facilities and services -- roads, water and sanitary
services, open space, schools, public buildings, etc.
It is important in planning such a program to limit the burueaucracy
and its attendant cost. The site and service projects which have been
funded by the World Bank24 should be evaluated and an effort made to avoid
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problems surrounding the issues of standards, over-administration, and
occupant selection criteria which have been encountered in some of these
projects. Sites set out under this type of policy must be sufficiently
inexpensive to serve the lowest income households, otherwise illegal
squatting by these lowest income households will continue. HOuseholds should
be allowed the flexibility to improve their homes as their resources and
schedules allow.
Most of the policies and technologies suggested for servicing existing
squatter settlements are clearly applicable to new settlements. Additional
approaches, unsuited to the constrained high density situation of existing
settlements, may be possible in planned new settlements. It is important to
strike a balance between planning for the needs of future communities and
responding to the present needs of existing squatter households. While these
issues are not addressed directly by this paper they are important components
of any policy directed toward the planning of water supply and waste disposal
systems for new settlements.
General vs. Case Specific Approach
In writing this paper I have chosen deliberately to write in global rather
than case-specific terms. Although the need for alternative water/waste
technology could be demonstrated by the use of case studies, it seems more
powerful to argue the universality of this need -- making it clear that this is
not a problem in a few areas of a few countries (usually someone else's), but
rather a dilemma which must be faced by the residents and governments of all
developing nations and by all international and multinational groups which
consult, supervise, and finance projects in such environments.
This level of generalization disguises important differences in stage
of development, social fabric, economic base, political environment, cultural
20)
traditions and other characteristics which vary substantially from continent
to continent, country to country, city to city, and community to community.
Clearly these differences are importa nt and each situation must be separately
assessed before a program is implemented to service it. In each city some areas
are more susceptible to upgrading than others -- the distinction between slums
of hope and slums of despair is a useful one to make. However, no matter what
the income level or potential mobility, every household needs water and sanitary
services. This universal need bridges differences between communities and
cultures.
The argument presented in the following chapters is that no one solution
fits all situations but that the task is to search out a range of solutions
which are applicable to the range of situations. The existing dilemma results
from the unquestioning application (or attempted application) of a single
conventional solution. This argument is most clearly made by broad reference to
a variety of situations, avoiding the common error of case-specific work --
extrapolation of general proposals from a narrow information and experience
base. More detailed, case-specific work is of course necessary to make the
suggestions of this thesis operational. I hope the following chapters make
clear the direction such studies should take if improvements are to be made in
the residential environment of squatter areas.
21)
CHAPTER 2: PRESENT CONDITIONS IN SQUATTER AREAS
In most squatter areas there is no provision of piped water to
residences. Water is available from tank trucks, public standpipes, or
fountains, usually outside or on the periphery of the squatter settlement.
Tremendous amounts of time and energy are diverted from other productive
activity to stand in line and carry water, often up the extremely steep slopes
which characterize squatter areas. Since the amount of water which can be
carried is limited it is used for drinking and cooking, leaving little for
personal or household hygiene and increasing the probability of disease. Lack
of water also increases the problems of waste disposal adding to the problems
described below.
In many cities the municipal water system operates erratically, with water
available only intermittently. Piped water is often polluted as a result of
inadequate and irregular pressure allowing seepage from surrounding soil into
the pipe system. Water supplied from wells is also unreliable as the density of
population increases and the groundwater becomes polluted by ineffective disposal
of human wastes.
In most squatter areas waste disposal techniques are primitive or non-existent.
Human wastes are collected in pit latrines, cesspools, septic tanks, or buckets.
Each of these techniques can be effective when used in an appropriate environment.
However the difficult topography and density of squatter areas has led to severe
problems of contamination of the surrounding soil, water supply, and general living
environment from improper use of these systems of waste collection.- Where wastes
are removed from the area for ultimate disposal the collection is erratic.
In settlements which depend on systems of open ditches to remove wastes the
lack of abundant water to carry wastes creates disposal problems. In many
squatter areas the operation of sewage ditches is a seasonal phenomenon: ditches
which carry waste away in the dry season flood in the rainy season; ditches which
22)
drain adequately in the rainy season stagnate in the dry season. Some settlements
built on marginal land flood regularly during heavy rains.
The traditional use of human waste as fertilizer breaks down in the density
and complexity of the urban system. Where the rural household traditionally
carries its wastes to the fields for use as fertilizer and even the 'suburban'
family is able to have a vegetable garden which needs fertilization, a collection
network is required to transport wastes from the urban households to farms where
it can be used. More often wastes are dumped untreated into the most convenient
1 2body of water -- the ocean as in Acapulco, a major river as the Han in Seoul,
3
or nearby lakes and lagoons as in Lagos. Each of these solutions raises the
probabilility of pollution of the municipal water supply, while not exploiting
the positive potential of the human wastes. This aspect of present waste disposal
techniques takes on increasing importance as the price of fuel and petroleum-
based fertilizers increases.
Link between Water and Waste
The problems of water supply and waste disposal discussed above are
inextricably linked -- both positively and negatively. On the negative side,
inadequate waste disposal is a primary cause of water pollution and thus the
transmission of disease. Given the present dependence on water-borne waste
disposal systems, an inadequate supply of water makes the disposal of waste
(particularly human waste) more difficult increasing the risk of infection. The
two problems reinforce each other, forming a vicious cycle of infectinn, disease,
and reinfection.
On the positive side, treated wastewater is an important water resource.
Serious water shortages exist or are predicted in many parts of the world
(developed and developing) as the demand for water increases and the supply,
recharged only through precipitation, remains static or declines as a result of
human alteration of the ecological balance and microclimate. In this context
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of growing demand treated wastewater constitutes an increasingly important
element of toal available water. In addition, wastewater is already "distributed"
to the household level -- if it can be recycled for re-use on the spot the
need for expensive collection and distribution networks will be eliminated.
Because sewer systems cost as much or more than water systems and because
the value of a sewer system to an individual is often much less apparent
to him or her than it is to society as a whole, sewer systems are given much
lower priority than the provision of piped water. Unfortunately piping water
into a community without providing a disposal system creates an entire new set
of problems. Particularly in areas of dense housing and a high water table,
getting rid of water may be more difficult than bringing it in.
Per Capita Consumption of Water
A standard rule of thumb is that percapita consumption of more than 30
liters of water daily makes installation of a sewer system necessary . Use of
flush toilets automatically raises consumption over 30 liters.5 Even if a
sewer system is installed, it may fail unless a complementary garbage collection
system is put into operation because people will tend to use the sewer system
for general solid waste disposal unless there is an easy alternative. Since
installation of a sewer system more than doubles the cost of water/waste service
this is an important area to consider for development of new technology.
If the need for a sewer network can be eliminated by some alternate form of
waste disposal (particularly one not dependent on water), the overall cost of
water supply and waste disposal systems could be substantially reduced.
In 1963 Dietrich and Henderson reported a range of per capita consumption
of water in the 75 developing countries surveyed from 11 liters to 930 liters
per day.6 Under the most rigorous conditions, two liters a day is the minimum
necessary for drinking and washing. Water consumption from standpipe sources
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averages from 10 to 25 liters a day -- no matter how close or convenient the
source, when water is carried the per capita use appears to be rarely over
40 liters. Households serviced by a single inside tap average a daily per capita
use of 30 to 40 liters if there is no indoor waste disposal; more than one
tap or indoor waste disposal results in per capita daily consumption ranging
from 25 liters to more than 600 liters. These figures are compiled by White,
White, and Bradley based on their work in the countries of East Africa; however
authors writing from data in other parts of the world concur with these
consumption figures.
Per capita use appears to be a function of two important variables: household
size and standard of living - the lrger the household, the smaller the per capita
costs (except in the case of elderly households dependent on carried water); the
higher the standard of living the higher the per capita consumption. It is
important to distinguish between standard of living and income. Relatively
wealthy families living in squatter areas (or other dense unserviced situations)
have relatively low consumption patterns; the consumption of households with
similar incomes who have moved out of the squatter areas into modern style
'suburbs' increases enormously as their standard of living expands to include a
need to wash cars, water lawns, and service their various water-consuming
appliances.
This variation in per capita use illustrates a basic paradox in thinking
about water supply investments. On the one hand it is universally considered
to be desirable, if not imperative, to have an adequate supply of piped water
for all households in urban areas. On the other hand planners, hard pressed to
supply capital for a variety of projects -- most of them more exciting than water
supply--usually decide in the end that water projects can be postponed without
much apparent damage to the economy. This paradox arises from the evident but
TABLE 1 (continued)
Country Place
Daily Per Capita
Capita Use
in Liters
Cape Town
Johannesburg
Queenstown
Pretoria
Durban
urban
Dar es Salaam
Dodoma
Moshi
Greater Istanbul
Kampala
Bradford
Tees Valley
Birmingham
Glasgow
Liverpool
London
All cities
Towson, Md. rental
value $14,000
value $19,000
value, $37,000
Montevideo
Punta del Este
all other otwns
Mazabuka.
Lusaka
South Africa
Taiwan
Tanzania
City Council Report
Culver
Morris
Fung
144-53
158
225
239
243
245
81
86
202
105
72-338
144
126
99
212
126
162
227
190
194
214
247
176
447
130-270
27
13-50
U.S. Senate
Johns Hopkins Report
Castagnino
G. Marais
Urban - single taps
Guatemala
Paraguay
Pakistan
automatic
Asuncion
Comilla
taps 60
28-49
16
Urban - Standpipes
India
Turkey
Uganda
Venezuela
Calcutta
Istanbul
Kampala
Aris
Borjesson & Bobeda
E. Pakistan Authority
Lee
Noyan & Scnogullari
Scaff
Dieterich & Henderson
Kenya Nairobi
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Source Year
Noyan & Senogullari
Scaff
Skeat
Turkey
Uganda
U.K.
U.S.
Uruguay
Zambia
1968
1953
1965
1967
1962
1965
1964
1958
1960
1959
1964
1966
1967
1964
1968
1964
1965
1963
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unspoken fact that demand for water can be defined in two ways: at one end
of the scale there is the minimum human need of two liters per capita per
9
day to sustain life; at the other end of the scale there is the desire of an
affluent household for water to wash carswater lawns, and air condition wealthy
homes. It is important to establish the level of demand an investment is planned
to satisfy. In other words, how much of theoretical demand is it reasonable to
supply, given the other demands on scarce national resources? One solution is
to establish a pricing structure which charges minimally for minimum use and
increases charges per liter with increased consumption. This would force the
waelthy to carry the burden of their high consumption rates, rather than
subsidizing them as is now frequently the case.
The following table compares per capita water consumption in selected
countries:
TABLE 1: PER CAPITA RESIDENTIAL WATER USE IN SELECTED AREAS
Estimated Daily Source Year
Country Place Per Capita Use
in Liters
Urban: multiple taps or mixed use:
Developing several hundred
nations
Costa Rica
Ghana
Greece
India
Japan
2 metered cities
7 unmetered cities
34 flat rate cities
Accra:high grade housing
medium grade
low grade
substandard
Tema: high grade
medium grade
low grade
Kalyani
New Delhi
Osaka
Yokohama
Tokyo
Kobe
Kyoto
11-930
264-388
216
444
675
166
34
27
342
265
108
144
113
136
520
395
348
328
317
Dieterich & Henderson
Wieters, Zobel, &
Henderson
Tahal
Papanastasiou
Lee
Japan
1963
1956
1965
1965
1964
1966
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Costs of Lack of Water and Sanitary Services
It is important to balance the cost of water and sanitary services against
the benefits they provide the community. It is difficult but important to identify
the point where investment in water and sanitary systems no longer significantly
reduces social costs (as measured by reduction in level of disease, rise in
level of per capita productivity, etc.) but instead merely provides a higher
level of amenities. A difficult dilemma to resolve is the choice between water
quality and water quantity. If the resources exist to service 1/3 of the population
with high quality water or all the population with less pure water or to service
1/3 of the population with the highest level of amenities or all of the population
with a minimum service, which strategy should be chosen? What quality and quantity
of service is provided at what cost of investment and social cooperation? What
level of service is critical to good health and what is convenient but not
essential? The answers to these questions will vary from one situation to another
depending on the present conditions and the resources of the residents and
government.
(a) Direct Economic Costs to the Consumer
The direct economic costs of water and sanitary services to squatter households
vary tremendously from one situation to another, depending on the scarcity of
water and the means of provision. One generalization regarding water service
seems to be universally true: water purchased from a carrier is invariably more
expensive than piped water. White, White, and Bradley report that in East Africa
water bought from a vendor is typically 10 to 20 times as expensive as piped
water. An urban family without piped water may use 26 days salary per year to pay
for the relatively small amount of water they consume compared to 19 days for
the large amount of water used by a middle income worker in the same city with
.piped water. The average American household pays a maximum of 2 days salary for
10
a yearly supply of water.
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The same- study estimates the direct costs of water for household paying
a water vendor can run to $25 per capita annually; where water is carried by the
women and girls of the household there is no cash cost, however the cost of the
caloric output is estimated to range from near 0 (for households with roof
catchment tanks) to US $.77 per capita annually.11 [In most cultures it is the
task of women to carry water. One can speculate whether this lack of involvement
of men in the inconvenience and effort of the present situation is reflected.in
their lack of concern for investment in new systems and technology.]
The disparity in costs between piped and vendor water is observed in most
countries. In Delhi a gallon of waterbought from a vendor costs roughly one cent.
Nearly 100 gallons can be obtained for the same amount from the piped system.12
However, when a household exists at subsistence level it may be possible to pay
a coin a day, but it is seldom possible to amass sufficient money or credit to
meet a monthly water bill, to make an initial deposit, or in other ways to make
a long term financial commitment.
The range of costs for household with piped water is also great and can
vary from US $1.53 to $18.47 per capita annually for low income households.
1 3
These relatively low charges for piped water are a clear subsidy to the wealthy
residents of urban areas; those who consume the greatest quantities of water
and who are most likely to be serviced by the piped system. Some countries, in
an effort to correct this imbalance, have followed the model of Brazil and set
a minimum water charge of 2% of the minimum monthly salary.14 Higher income
households, assumed to be greater users, have metered water supply and are
charged on a graded scale.
(b) Health Costs of Lack of Service
The lack of water and sanitary facilties in squatter areas poses serious
health problems. As stated earlier, the exact relationship between disease and
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water supply is still unclear. Several categories of water and waste disposal
related diseases may be distinguished, each requiring a somewhat different
strategy. To simply equate more water with more health is too simple. These
categories, adapted from work by Bradleyl5 are:
(1) water-borne (in the strictest sense): infections carried by polluted
water, e.g. cholera and typhoid, which give rise to dramatic epidemics
and are removed by providing pure water;
(2) water-washed: such as superficial skin and eye infections and diarrheal
disorders, which are reduced when ample water is available for hygiene
even if it is not completely pure;
(3) water-based: diseases which depend on water as an intermediate host for
development, e.g. tropical parasitic infections in which the parasite
either bores in through the skin as with schistosomes, or is ingested;
(4).waste-borne: diseases in this category overlap somewhat with the previous
two, included are diseases carried by the human feces and spread by poor
sanitation and pollution of the drinking water supply, such as amoebic
dysentery or cholera. While the incidence of these diseases could be
reduced by attention -to the water supply, it could also be approached
by improvement of the waste disposal system, with a resulting improvement
in water quality;
(5) insect-borne: diseases carried by an insect which either breeds in water
or bites near its surface as do malaria mosquitos, tsetse flies etc.
Public health and related productivity benefits are rarely included in
quantitative estimates of the benefits of improved water and saiitary systems.
As a result these projects are often inappropriately penalized when compared to
projects in other sectors for which economic returns on investment reflects more
comprehensive measurement of benefits. This may account to some extent for the
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widespread inadequacy of investment in sanitary service in most countries, At
minimum it has been a convenient excuse for lack of investment.
Health costs and benefits are difficult to quantify. How does one set a
cost on misery? Is it possible to calculate the cost of illness of a laborer
who is unemployed? Does one value the life of a father more than that of a man
without dependents? What of the indirect costs to other members of the family--
to the child who can no longer attend school because her wages are needed to buy
medicine for her uncle?
Despite the difficulty of estimating these costs, a team of scientists
collaborating on the Water for Peace Project stated that:
"to attach dollar values to the estimated 10 million deaths and 500
million incapacitating illnesses per year that are attributable to
inadequate or unsafe water supplies is difficult, but a conservative
estimate of $5 billion saving per yTgr would justify a heavy economic
investment in safe, potable water."
One important route to safe, potable water is an- adequate system for the disposal
of human waste. The absence of such a system. means that the healthy are continually
exposed to disease. Evidence of the reduction of disease with the introduction of
adequate waste disposal methods is dramatic. Children are particularly susceptible
to diseases resulting from poor sanitation and improper waste disposal. The
productivity of the adult population is substantially lowered by illness. Billions
of person days of labor are lost annually to disease, a loss to the overall
economy and to the households of the squatters -- those who can least afford this
economic drain.
Projected Need for Water Supply and Waste Disposal Service
The dimensions of this lack of service in squatter areas are staggering.
The Dietrich and Henderson report for WHO in 1963 estimated that 70% of the world's
urban population had inadequate or unsafe water supply or both and that 85% depended
on primitive waste disposal methods.17 This study remains the most comprehensive
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compilation of data at the international scale. Table 2 below summarizes
Dietrich and Henderson's estimates of urban population with and without water supply: 1 8
TABLE 2: URBAN WATER SUPPLY, 1962: SERVED AND UNSERVED POPULATION (for 75 Selected
(Population in thousands) Countries)
Urban Population Served Urban Population
. From house From public Total Population
Region connections outlets Served Not Served
No. % No. % No. % No. %
North Africa 10,650 57 3,700 20 14,350 77 4,190 23
Africa, south of 2,780 13 8,060 38 10,840 51 10,150 49
Sahara
Africa, sub-total 13,430 34 11,760 30 25,190 64 14,340 36
Central America & 15,690 55 8,550 30 24,240 85 4,270 15
Carribean
Tropical South 30,830 59 14,000 27 44,830 86 7,150 14
America
Temperate South 14,880 67 4,930 22 19,810 89 2,440 11
America
Latin America 61,400 60 27,480 27 88,880 87 13,860 13
South West Asia .10,220 39 9,475 36 19,695 75 6,575 25
South Central Asia 13,320 14 19,350 20 32,670 34 62,570 66
South East Asia 5,965 15 10,635 26 16,600 41, 24,190 59
East Asia 3,010 20 4,720 30 7,730 50 7,720 50
-Asia, Sub-total 32,515 18 44,180 25 76,695 43 101,055 57
TOTAL 107,345 33 83,420 26 190,765 59 129,255 41
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The World Health Organization updated these estimates in setting
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international goals for the decade of the 1970's. -These estimates and goals
are summarized in Table 3 below:
Table 3: WHO Estimates and Goals for Water Service in Urban Areas of
Developing Countries
1970 1980
Population served by: Estimate Goal
household or courtyard service 25% 40%
public standpipes 26% 60%
no service 49% -
( )
It is estimated that a capital investment of US $9 billion will be required
to reach the 1980 goals; related sewerage systems could run to an additional
$20 billion.20 To put this amount in perspective, investments of the World Bank,
and Asian, African, and Inter-American Development Banks in the water and sewerage
sector totalled US $901 million between 1961 and 1971.21
These estimates indicate that if service is to be provided either the magnitude
of resources available for investment in this sector must shift radically,
the cost of the technology used' to provide service must drop dramatically, or the
technology and resources used to service households must change in character.
Role of External Bodies
External assistance for the provision of water and sanitary services is
available either through bilateral agreements (e.g. with U.S. AID) or from
international lending agencies such as the Inter-American Development Bank and
the World Bank. The terms of these loans vary; however in most cases the
applicant nation is constrained to adopt certain pro.cedures and policies 
intended
to help insure the success of the project and the repayment of the loan.
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Comprehensive data on external financing of water and sanitary projects
are not available, but the World Bank suggested in a 1971 publication that "the
bulk of external financing in this field has been provided in the form of
suppliers' credits and other bilateral loans for pumps, pipes, and treatment
plants."2 2 Such lending terms obviously encourage the developing nations'
dependence on the technology, products, and largesse of the developed nations.
The international lending institutions have begun to realize the importance
of this sector and their lending policy toward water and waste disposal projects
has shifted in the last fifteen years. The World Bank made its first water
supply project loan in 1961. In the subsequent ten years thirty loans and
grants for the equivalent of US $391.8 million were made.23 From this ten year
experience the 1971 World Bank Water Supply and Sewerage Section working paper
reports:
"The most important lesson learned [since 1961] is that lending
in this sector is more difficult than had been expected. Although there is
nothing intrinsically difficult about the sector, most borrowers have
been poorly organized and elementary principles of public utility
management have not been observed.
"In the work with borrowers the Bank has tried to help develop
reasonable financial and engineering solutions to the problems of the
projects as they appeared. However, most projects have appeared in
response to a crisis rather than in anticipation of needs.
"To correct the negative bias towards this sector in many countries,
which reflects in large degree inadequate appreciation of the importance
of water and sewerage, the Bank is exploring how best to initiate studies
to help illuminate public health benefits, price and income elasticity,
and other characteristics of demand for water and sewer services.
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The same paper predicts that the Bank's activities in this sector will increase
sharply during the 1970's to about 10% of all Bank loans. Although the
World Bank's willingness to invest in a heretofore underfunded sector is
commendable, their research agenda, which should presumably be tied to this
commitment, exhibits disturbingly little change in overall perspective:
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"The most pressing problem is to develop better criteria for
allocating scarce funds among competing projects in this sector.
Progress towards this goal depends on developing better measures
of economic benefits." 25
No mention is made of developing less capital intensive technologies which
allow these scarce funds to complete a greater number of projects!
Lending of the international agencies in this sector from 1961 to 1971
is shown in Table 4 below.
Table 4: International Financing of Water and
number
Sewerage Projects, 1961-197126
Total % of all
Agency o* loans* Lent loans or the
Asian Development 2 $20.5m NA
Bank
African Development 1 $3.2m NA
Bank
World Bank 30 $391.8m 2.6%
Inter-American 85 $486m 12%
Development Bank
*one loan may fund a number of projetts; e.g. the loan of the African
Bank actually financed 30 individual projects within an umbrella loan.
Management Issues
The lack of administrative capacity and management expertise in agencies
at both the national and local levels responsible for community water and
sanitary services is noted by most observers. This problem is compounded by the
poor coordination between engineers. and managers, lack of consideration of
management and maintenance issues in project design, and the difficulty of
maintaining an imported system with inadequately trained technicians and
without necessary replacement parts. Officials are caught between ever
increasing demand and a poorly functioning system.
While most observers share these observations, the recommended action
ranges along an entire spectrum: the World Bank concludes that what is needed
agency
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is better trained management and greater fiscal responsibility;27 White and
Bradley suggest a more likely soultion is to find ways for individuals and
local communities to help themselves outside the municipal system.28 These
approaches need not be contradictory.
Standards Issues
The issue of standards is a basic theme which arises in' the administration
of any program. The lines become sharply drawn when technology is transferred
from one society and economy to another. Should the standards applied in one
situation be equally applied in the other? Even if the technology applied is
different, as I shall argue should be the case in the provision of water and
sanitary services, should the same standards be applied to the final product,
the quality of service?
Traditionally there has been little flexibility on this point. As late as
1973 a UN document stated: "The United Nations technical mission on housing and
other reports published by national and international agencies all recommend the
two room house with adequate sanitary and other facilities as the barest
minimum if the normal aspirations of healthy living are to be achieved."'
An earlier, more extreme, statement typifies the colonial and early post-
colonial attitude:
. "These standards cannot be lowered, whatever be the community, whatever
be its location, and whatever be the economic situation of the country.
Substandard housing is but a step towards slums. Deliberate substandard
housing will defeat the very purpose of housing as it will lead to the
creation of future slums; the basic standards must be adhered to at all
costs."
(editorial in the Journal of the Institute of Town Planners (India), no. 3,
July 1955.)30
The World Health Organization, Pan American Health Organization, and other
international bodies concerned with public health issues have exacerbated the
usual problems of construction and building standards.31 By setting laudable
long range goals far beyond the economic capabilities of developing countries,
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the health agencies are severely biasing water resource planning in these
nations. By advising treatment to a particular standard they are insuring that
only a small percentage of the population will receive service.
The question is twofold. First, are the standards of industrialized nations
appropriate to developing nations? Second, whatever standards are deemed
appropriate, how can government justify their application to impoverished
households unless the government is also willing to provide accompanying
financing? In other words, if the government cannot allocate resources necessary
to achieve the level of standards it is setting the entire process of setting
standards is self-defeating and unenforceable. (This phenomena is not limited
to developing nations, but is inherent in enforcing standards. The administra-
tion of the Code Enforcement program in the United States illustrates the
built-in problems.)
The standards set are based on the assumption that all water produced must
be potable and all homes in dense urban areas should be serviced by sewer
systems. These standards perpetuate the use of conventional, high capital
(often foreign) technology to bring high quality service to a few households
while the needs of the vast majority of households are left unfulfilled. Thus
where service does exist the system is relatively modern but serves only a small
sector of society - usually the wealthy. (Ironically in many cities water which
leaves the treatment plant potable becomes polluted as it travels through the
pipe network and must still be boiled before it is suitable for human consumption.)
This issue of appropriateness is particularly germane in the case of water
service since the standards applied are, to a large extent, reached intuitively.
They are based on "the established fact that better quality water for domestic
purposes in adequate quantities improves health."3 2 While this assertion is
probably true, the 'exact relationship between health and water is largely
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intuitive, involving few established facts. What consitutes "better", how much
is an "adequate quantity"? Millions of dollars have been invested in this
sector on the basic assumption that the greater the availability of water, the
healthier the population. This is a familiar western precept: if a little of
something is good, more of it must be better. Instead of always asking how to
provide more water, perhaps an earlier question should be: how may water best
be used to serve the well being of the community?
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CHAPTER 3: TRADITIONAL GOVERNMENT RESPONSE TO SQUATTER NEEDS
The range of responses of governments to the needs of squatters are
discussed in this section of the thesis. The responses and resources
and organization required by each are diagrammed in Figure 1. The traditional
responses by government to the need for improved living conditions in squatter
areas have been to act positively by providing programs and.services; to act
negatively by eliminating the squatter settlement; or, most often, not to act at
all.
By far the most common response of governments to the physical needs of
squatter settlements has been to ignore them (A, Figure 1). Denying the needs of
millions of people has been possible because the conditions of the squatter areas
have insufficient impact on the surrounding society to demand a solution; because
the residents lack the political power to force a solution; or because the
government lacks the will or the resources (or both) to design and implement a
solution. The result is that the appalling conditions continue.
Where the government has been forced to acknowledge the presence of the
squatter settlements and respond, its action has frequently been to erradicate
the settlements (see B, Figure 1), thus apparently removing the problem which the
squatters cause. This choice of strategy is most often made by governments
sufficiently authoritarian to destroy the settlements and, if necessary, kill
residents who show opposition. Governments have usually chosen to erradicate
settlements when they have had a direct negative impact on the external
environment and economy as in Rio d.e Janiero where the Catacomba favela was eli-
minated because it visually blighted the Copacabana tourist area and occupied
valuable land which could be put to "better" use. 1
Although erradication solves the short term problem, the environmental
problems caused by the lack of services and facilities simply move with the
squatters to another site. Additional problems may be created by increased
External impact...
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overcrowding of remaining squatter sites, the disruption of the squatters'
social and economic environment, and the disruption of the external economy of
which they are an integral part. In some cases a government ideologically
inclined to eliminate a squatter area has recognized the integral relation of
the squatters to the external economy and allowed them to remain, as in
Acapulco where the government is working cooperatively with the squatters to
upgrade their community and eliminate the draining of waste from this area into
the tourist section of the city. This action has allowed the squatters who
provide the bulk of the labor force in the hotels and tourist services to
remain near their jobs.2
Where governments have responded with positive action to the physical needs
of squatter settlements, the form of the response has varied depending on the
resources and ideology of the government and the particular constraints of the
situation. However, with infrequent exceptions, the proposed solution has
been to build housing (see C, Figure 1), replacing the existing dwelling units of
the squatters rather than allowing the existing housing to be upgraded by
providing essential support services, granting tenure to the occupants, and making
credit available for individual and community improvements.
Construction of housing is rarely the most appropriate response and the
literature abounds with accounts of the mismatch between government programs and
the needs of the people they were alledgedly trying to serve. Other policies,
such As upgrading of existing areas by the provision of water supply and waste
disposal service, would have significantly greater impact for the same budget
allocation. The drawbacks to the traditional government-sponsored housing
programs for squatters can be summarized as follows:
(1) Housing construction programs duplicate (at considerably higher cost)
the squatters' demonstrated ability to provide their own shelter, rather
than providing supporting services, such as water and waste disposal, which
are presently lacking in most communities.
41)
(2) These programs view housing as an end product--a unit-- rather than as
a continuing process to develop a living environment which will support
the household's social and economic goals and lifestyle. Such a perspective
emphasizes physical standards rather than the relationship between the family
and the unit, i.e. what the unit does for each family. As in (1) above the
unit is the easiest part for the family to provide for itself.
(3) The scale at which these program have been implemented can rarely be
described as anything but tokenism. Even when a relatively high percentage
of the GNP has been channeled into housing, the high per unit cost has
resulted in improved conditions for relatively few households. Important
exceptions to this generalization are Hong Kong and Singapore.
(4) New construction housing programs rarely recognize the importance of
incremental improvement and expansion of the house as the family's demands
and economic capacity increase. Units built under housing programs rarely
posess the capacity for incremental expansion. In addition, the programs'
regulations may require initial construction to a particular standard
rather than allowing improvement over time.
(5) Government housing programs have favored capital intensive techniques,
producing expensive units. Projects are often abandoned half-built due to
the political whims of the donor or recipient government. Even if finished
they often have severe maintainenance problems due to poor initial construc-
tion or lack of replacement material and equipment.
(6) Units produced are frequently architecturally and sociologically unsuited
to the life style and economic status of the families for whom they are
built. Not only is the design inappropriate, but standards and construction
costs far exceed the financial capability of the squatters or their shelter
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needs, given other important demands on a limited income.
(7) Most units constructed under these programs have ultimately been occupied
by middle income families; either because they were originally planned for
this income group, or because lower income families, unable to afford their
assigned units, sold their rights to higher income families and moved instead
into another squatter area. Although one could argue that the units vacated
by these middle income families will "filter down" to lower income families,
many more lower income households could be served, more directly, by either
building cheaper units or, as suggested here, by upgrading existing settlements.
In recent years, self-help housing programs have become a more accepted
component of government housing policy. However, many of the problems mentioned
above, particularly those of excessive costs and standards, continue even with
self-help. The squatters' own abilities are still duplicated by the government
program; costs are increased by administrative overhead, and schedules and
standards inappropriate to the squatters' income and needs are imposed.
These government housing programs, whether conventional or self-help,
focus on new housing, ignoring the millions of existing units in which the
majority of low income households continue to live. In the last decade millions
of dollars have been spent to "solve the squatter problem" by housing construction.
Millions of households continue to live in totally unserviced areas, unaffected
by these programs.
Government Intervention in Provision of Water/Waste Service (see D in Figure 1)
The lack of water and sanitary servicesin squatter areas has impact at two
levels: the internal impact on residents of the areas and the external impact
on the surrounding population and economy. In most cases the internal impact
becomes intolerable long before the external impact is sufficient to provoke
government response at more than a token scale. In this situation of government
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default, squatter communities are forced to continue under intolerable conditions
or to consider self-help solutions. Models for community self-help have been
few; provision of service has almost exclusively depended on the whim of some
external group.
Water/waste -systems have traditionally been perceived as public goods and
their provision has been presumed to be the responsibility of the government. This
perception has been reinforced by the demands of the conventional technology which
have dictated a centralized and rigid response -- as exemplified by the grid and
pipe networks of municipal water and sewer systems. There is a need to explore
incremental provision of infrastructure, which would allow gradual upgrading and
expansion as is now possible with housing. This would allow increased options for
community initiated action.
Governments have in the past met this responsibility to provide water and
sanitary services to squatter settlements only in unusual situations where the
external impact of the conditions in squatter areas was severe. These have included
situations where:
(1) the proximity of the squatter areas to wealthier residential areas
aroused fear of the spread of fire or epidemics (as in the massive
resettlement projects in Hong Kong3 or the construction of water/waste
facilities in Nairobi's Mathari Valley );
(2) the topography is such that sewage from the squatter area drains into
wealthy residential areas;
(3) the sewage draining from squatter areas severely pollutes the ocean and
beaches as in Acapulco 5, or other resources important to the tourist trade
or the economy;
(4) the political climate creates a fear of radical political action with
roots in squatter ares; in response to riots, demonstrations and the
like services may be provided to forestall further disturbances.
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Other, more positive, reasons why it is in the public interest to improve
conditions in squatter areas may be suggested:
(1) By improving squatters' conditions, the levels of disease and death
are reduced and residents of the areas are better able to realize their
potential for contribution to the economy.
(2) By protecting the health and welfare of the children living in these areas,
the government is insuring their future productivity and thus protecting
the future resources of the nation.
(3) By planning for the improvement of existing spontaneous settlements and
the growth of future settlements, the government is facilitating the
implementation of a comprehensive national growth and settlement policy
and allowing more a more efficient expenditure of limited national
resources.
(4) By legalizing the status of the squatters and upgrading their communities
the government is giving them a stake in the existing political system.
Governments operating in a democratic or pseudo-democratic system should
recognize the potential power of such a voting block; more repressive
governments should have a healthy regard for the potential support an
opposition party might find among the squatters. In Lima, Manila, or
Rio de Janiero examples can be found of active solicitation of the support
of squatter constituencies. In Rio, in particular, the granting of water
distribution rights is an important component of political interaction
between the favela residents and the external political system.6
Ideological Implications of Recommending Self-Help Activity
Given the situation of government default it is unfortunately necessary
to assume, at least in the near future in most nations, that if squatters are
to receive water and sanitary service it will likely be as a result of their own
initiative and labor. Whether such solutions involve tapping or plugging in to
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the conventional municipal system or employ one of the decentralized systems
described in Chapter 5, this reliance on self-help raises ideological issues as
to the just relationship of a government to its citizens, particularly the
poor. In other words, even if a technology can be developed which is economically
and physically suited to use in squatter areas, one might ask if the self-help
implementation of such technology is in the long term best interests of the
squatters.
It has been suggested that self-help is a reactionary mechanism used to
co-opt squatters, easing their plight sufficiently to relieve pressure on the
government at greater expense to the squatters than to the government.
Proponents of self-help respond that it is a constructive means by which squatters
may survive, improve their situation, and at the same time gain greater control
over their environment -- including the development of political power and
organization to apply pressure to the government.
In fact, both statements may be correct -- political cooptation may be an
unintended, though not unanticipated, by-product of self-help. However, the issue
is one of the squatters' surivival. In such a situation it is frivolous to discuss
whether that survival should be allowed or disallowed based on the political
goals of other groups. From the squatters' perspective the provision of water
and sanitary services is critical to the survival and health of the community.
If the central government is willing to provide these services, or to cooperate
with the squatters' efforts this is obviously acceptable. Perhaps organized
pressure on the government will provide such a solution. If not, self-help
solutions should be considered. The choice for the squatter is not between
conventional and self-help solutions. That choice has already been made by the
government. The squatters' choice in such a default situation is between self-help
and continuing the status-quo of squalor and disease.
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Self-help may also be justified on psoitive grounds. Community initiated
projects can provide important advantages in terms of control of resources, lack
of dependence on foreign technology, lack of dependence on central government and
its biases and whims. Self-help efforts, if successful, can provide impetus
for further organization, stimulating the next level of political awareness and
desire for community improvement.
Figure 1 portrays a spectrum of possible strategies by which water and
sewer systems have in the past been installed. The point on the spectrum at
which action is taken depends on (a) the resources of the government, (b) the
external impact of the squatters' conditions, (c) the political power of the
squatters, and (d) the ideology of the government. Development of small-scale
intermediate technology would allow community initiated action which depends
not on (a)-(d) but on need.
Three examples are discussed in the following pages to illustrate the
experience of installing conventional service systems in squatter communities.
The first is an example of central government action; the second represents
a partnership between the central authorities and the squatter community; and the
third a community-initiated and implemented project. For each example it is
important to consider the stimulus for action, the initiating actor, the level
of capital required, the type of technology employed, and the cost and number of
households erved, and the transferability of the experience to other squatter
situations.
(1) Cluster 1: Government Initiated and Implemented Systems
Seoul, Korea provides a graphic example of a primate city in a developing
country struggling to meet the water supply and waste disposal needs of a rapidly
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growing urban population by providing a conventional water and sewer system.
The following brief description illustrates the dimensions of the problems
faced by the municipal and national government in developing countries in the
provision of these services.
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In 1970 Seoul had a population of about 5.5 million in an area of about
220 square miles. Its central water system was completed in 1908 with a
production capacity of 13,600 tons per day, supplying 122,000 people (50% of
the urban population) with about 115 liters per person per day. As a result of
continuous expansion the system had a daily capacity of 1.3 million tons in 1971
-- enough to supply just over 5 million people ( a relatively high 86% of the
population) with about 250 liters per person daily. However, due to leakage
from the deteriorating system, only half that amount is delivered to users.
A major problem in Seoul, as in other primate cities, is insufficient
water resources. Throughout Korea there is a seasonal water shortage which has
been aggravated by a sharp rise in demand for water following the rapid industrial
development, urbanization of population, rise in living standards, and moderni-
zation of agriculture in the last twenty years. In 1967 the national government
established the Water Resources Development Corporation (WRDC) to handle the
worsening situation.
The WRDC has completed two major projects on the Han River which flows
through Seoul and is its primary water resource. The first was construction of
a model to test flood control on the river at a cost of nearly U.S. $3 million,
60% of which was funded through U.S. foreign aid. The second project was the
construction of a multi-purpose dam at a cost of nearly U.S. $80 million, 28%
of which was a Japanese investment. The dam will help to control seasonal
flooding and regulate annual water supply to Seoul.
As mentioned earlier, the age of the municipal system causes serious
distribution problems. In 1968 roughly 50% of the purified water leaked from
the pipes before reaching users. The inflexible pipe network and density of
settlement make repair, replacement, and expansion of the 70 year old system
extremely difficult. In 1968 over U.S. $3 million was spent to repair less
than eight miles of pipeline. Although the amount of water purified by the city's
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treatment plants increased by 140% between 1956 and 1972 the amount actually
reaching users increased by only 30% during the same period. The rest was
lost through leakage.
Seoul has nine water treatment plants and three sub-treatment plants to
purify water. In 1971 approximately U.S. $8.5 million was spent for management
and maintenance of these plants. The average charge to consumers is U.S. $.05
per ton. However the water quality of Seoul is seriously threatened by the age
of the pipe system and by the inadequacy of the city's sewage disposal system.
It is estimated that about 2.7 million liters of excrement must be disposed
daily, while the city is only equipped to collect and process about 80% of this
amount. The city's sewer system was first laid out in 1300 AD and modernization
efforts have only begun recently.
In 1973 the city installed 48,000 units of a modern flush toilet system in
15 dongs (a local government district of 15,000 residents; about 1/3 square mile).
The new system is scheduled for installation in an additional 50 dongs in 1974.
However, much of the sewage collected by the city's system is dumped untreated
into the Han River, jeopardizing the quality of the city's water supply.
Recognizing this problem, the city recently built a sewage treatment plant with
a daily capacity of 25 million tons at a cost of nearly U.S. $9 million.
A major problem with the collection of wastes in Seoul, particularly in
areas not served by the sewer system, is the poor road network. There are many
areas where it is impossible for service vehicles to pass. Service personnel
must carry buckets to and from collection vehicles. This sector of the system
is clearly in need of investment and modernization. The city operates over 200
vehicles for the collection of human wastes; 20% of these are over 15 years old
and -in need of replacement. Nearly 7,000 men are presently employed in waste
collection and disposal at a daily cost of approximately U.S. $40,000 ($1.80 per
worker per day). This low wage and the low regard with which such work is
traditionally viewed make recruitment for these jobs difficult.
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These figures begin to indicate the costs and scale of the problems caused
by rapid urbanization of a city such as Seoul with an old and inadequate infra-
structure and limited financial resources. Urban settlement is increasing much
faster than urban services or the capability of institutions responsible for
service provision, resulting in an overall decline in environmental quality.
The description above portrays the problems of simply mainta-ining the existing
municipal system in Seoul. It is important to realize that over a million resi-
dents of the poorest areas of the city are untouched by this system. Expanding
service to these areas, including the hillside squatter areas, adds yet another
dimension to an already difficult pi ture. One can understand why municipal
officials prefer to ignore the existence of these settlements and their needs,
leaving residents to carry water from standpipes on the settlements' periphery
and deal with waste disposal as best they can.
In the example of Seoul one is also able to observe the contrast between
the capital intensive high technology system, constructed with foreign expertise
and capital, and the traditional labor intensive manual waste collection system
deteriorating from lack of investment. Limited investment in improvement of the
waste collection system would substantially improve the service of many households
not yet (and perhaps never to be) served by the conventional system. It is
encouraging to discover that the Korean government is presently exploring alter-
native means of providing service to the still unserviced residential areas of
Seoul, including the squatter settlements.
Cluster 2: Partnership between Government and Squatters
This second cluster includes a wide range of experience involving a combin-
ation of government action and community action. The initiative may come from
the central government or from the community. The relative inputs of this mix
vary coasiderably as is described in the examples below. At minimum the central
government provides a supportive environment for community initiative, removing
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legal and institutional obstacles to self-help by granting tenure, ceasing
eviction actions, etc. In addition credit mechanisms may be established to
assist communities in the financing of projects, commitment may be made in the
form of capital intensive equipment, technical assistance, and permission to hook
into the municipal system
The setting for this activity may range from a national policy to encourage
community initiative to isolated agreemtns made under pressure with particularly
agressive squatter groups. The least common denominator in this cluster is that
the government has accepted the inevitability and permanence of squatter settle-
ments and is attempting to deal realistically with their problems.
An important difference between this cluster and the previous one is that
these examples depend on local input, allowing some level of local control of
service and employing previously underutilized labor. The quality of service
resulting from these labor-intensive, community participation efforts may be
lower than in those systems of the first cluster. However, in all cases this
service is better than none at all and represents a considerable improvement
over previous conditions.
These efforts have involved from 500 to several thousand households. The
larger the group the more stringent the discipline necessary to keep alive the
cooperative spirit of the venture and combat the tendency to let the other person
do it. The central government can sometimes play an important role in maintaining
community discipline. It is important to note that some of the most successful
ventures in this cluster (for example, China and Cuba) occur in socialist
societies where the acceptance of social and political discipline and recognition
of the need for cooperative action is more widespread than in Western countries.
The Bustee Improvement Program in Calcutta, India is a good example of
government initiation of a cooperative program, working with the residents to
upgrade the bustees, recognizing that only this type of cooperative effort would
51)
improve living conditions for the city's poorest households.
More than 700,000 persons live in the compact and congested slum
settlements of one-story shacks known in Calcutta as bustees under conditions
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unfit for human habitation. These households represent more than 25% of
the city's population. Most bustees have no sewer connections, and depend on
the manual collection and disposal of night soil by municipally employed
workers. Drainage and water supply are grossly inadequate; most bustees are
continuously flooded during heavy monsoon rains with consequent pollution of
ponds and open drains. The areas are breeding grounds for cholera and other
gastro-intestinal diseases.
The ultimate aim of the Indian government is total clearance of the
bustees and conversion of the land they occupy to higher economic uses.
However this would require construction of a minimum of 190,00 units of
replacement housing and an enormous investment in financial subsidies to
bridge the gap between the economic rent of the new units and the income of
the bustee residents. These resources are simply not available. The government
by the mid-1960's programmatically acknowledged that the great majority of
bustee residents would spend the rest of their lives in the bustees.
The Indian government took the unusual next step of developing a program
for upgrading the bustees. The main components of the program were:
(1) a water system to provide an adequate supply of clean and safe water for
daily needs of bustee residents, using tubewells;
(2) Community water taps and baths: one water tap for every 100 persons
(3) A sanitary sewer system, including necessary sewers and appurtenances.
(4) Sanitary latrines, four per 100 people,
(5) A storm drainage system to prevent the present frequent washouts, flooding,
and generally unsafe and sanitary conditions.
(6) Filling in of existing ponds which are unsanitary health hazards.
It was projected that 500,000 bustee dwellers would benefit from the program
over a five year period. Although there have been management and organizational
52)
in the implementation of this proposal, it remains an example of the sort of
program which can be developed once a government accepts the inevitability of
squatter settlements. The willingness to accept lower than conventional standards
enabled the cost of the project to drop sufficiently to implement the program
on a large scale. Linking into the already over-burdened municipal water and
sewer system has resulted in somewhAt erratic service and increased the load on
the central facilties ( a cost not included in project costs).
Another example of government/community partnership in service provision
is Bolivia where 35 communities built water systems between 1963 and 1968.
Under this program administered by the Bolivian National Water Authority, the
national government pays 1/2 the total cost and provides engineering expertise
for design and supervision of the project. Even the poorest communities have
managed to come up with the other 50% over time, by charging users. The residents
have provided labor for digging trenches, construction of reservoirs, and
laying pipe. 10
Nueva Havana,11 cooperative Marxist encampment 6f about 450 households
established during the Allende period in Chile provides an example of
community/government partnership different from Calcutta and Bolivia in that
in this situation the initiative for the project came from the community.
The efforts of the residents of Nueva Havana to install their own service systems
were sanctioned and supported by the government, however the work was done entirely
be members of the community. This type of response requires an extraordinarily
high level of organization and discipline on the part of the community and may
deliver somewhat lower quality product. The communal system developed at Nueva
Havana was a distribution system only, and depended on plugging into
conventional, centralized generating and supply facilties of the municipal
system. (Although connecting the community's network into the regular system
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in the case of Nueva Havana was with the government's sanction, there are
also examples of tapping in without permission as in the settlement of
Policarpa Salavaieta in Bogota, Colombia or central city settlements in
Athens Greece.) The vulnerability of such a system to the whims of the
government which can cut off service at any point is its major drawback.
Cluster 3: Community Initiated Projects
The third cluster of experiences are community initiated efforts, unsanc-
tioned and unsupported by the central government. There are numerous examples
of community action providing other types of facilities without government
approval or support. Examples include housing, schools, religious and recreational
facilities, access ways and transport. Moderately successful efforts have been
made in installing electricity by illegally tapping into the municipal system.
The area in which communal self-help has been the least successful (and
least frequently attempted) is the provision of water and waste disposal
systems. This is in large part due to the constraints of the conventional
technology, the high level of capital necessary, the inflexibility of the
resulting network, and the difficult topography. Moreover, the communal
nature of these networks makes a high level of organization more necessary
for their successful installation and operation than for other types of
infrastructure. The lack of small scale technology providing systems which
may be easily implemented independent of a central authority is a significant
difference between water/waste systems and other types of public facilities.
Community initiated action independent of central support requires the
development of new technology and institutional arrangements. Alternative
technology would allow communities to act more effectively to provide water
and waste disposal systems in a situation of government default.
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Conclusions
The experiences of service provision discussed in this chapter have
almost exclusively been applications of the conventional technology; centralized
solutions, dependent on a central municipal system to tap into, they are vulnerable
to the whims of the central government. This dependency is true whether the
action is initiated by the government or the community, whether the action is
legal or illegal. As will be discussed in the next chapter, such solutions are
expensive and inappropriate to the rapidly growing urban areas of developing
countries. Their implementation, particularly in squatter areas, is constrained
by a variety of political, economic and physical factors. It is clear that
successful community-initiated solutions will continue to be rare exceptions
until the monopoly and constraints of conventional technology are cast off and
more flexible strategies for the provision of these systems are developed. This
need for alternative technology is the theme of the next chapter.
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CHAPTER 4
CRITIQUE OF THE CONVENTIONAL TECHNOLOGY
The standard response to the urban problems of developing countries has
been to apply conventional technology from industrialized countries where it
can be afforded, and to bypass vast portions on urban areas where such service
cannot be afforded or where it is considered unimportant to provide service.
Of all the areas of building technology the most established, most
heavily capitalized, and least responsive to the changing needs of society is
the technology used to provide water and waste disposal service. To receive
these services a community must adapt itself to the requirements of the
technology. Straight streets, regular slopes, and public ways of sufficient
width to accomodate construction, maintenance and service vehicles all
characterize an area serviced by a conventional utility system.
The components of conventional water supply and waste disposal (sewer)
systems are displayed in Figures 2 and 3 and described in detail in Appendix 1.
These systems are generally characterized by rigid pipelines and networks;
they are large and expensive and can service many units from the same
treatment facility. Such systems require a high degree of social and technical
organization and a tremendous. initial capital investment. Even under favorable
conditions they are expensive to install and operate. In a typical squatter
nrea with irregular settlement patterns, scarce resources, and a lack of
government commitment, such systems are prohibitively costly.
A recent study of Swedish municipalities (1972) indicated per capita
investment in these utilities to be approxinately US $600 ; the equivalent
2
cost for British new towns is about US $5002. The World Bank has estimated
the minimum cost of conventional water supply and water-borne waste disposal
systems at about US $200 per capita. While the World Bank estimate seems
unrealistically low it is important to recognize that since water and sewer
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services are installed per household rather than per capita the per capita
costs in countries such as Sweden and Great Britain with small households will
be higher than in most developing countries.]
The prohibitive cost of these conventional systems becomes starkly clear
when compared to the available resources of developing nations. For example,
Tanzania can afford no more than US $8 per urban resident for water and waste
disposal service. It is evident that the total capital requirement for water
and waste disposal systems using conventional western technology greatly
exceeds the resources available. Even if the total net savings of a nation
were used to provide the urban population with utilities of such standards
in most nations the resources would be insufficient. Even if national resources
could afford such an allocation it is not clear that water resources are suffi-
cient to allow every urban household to be serviced with conventional systems.
The use of conventional technology has traditionally been justified by
two arguments which are set forth and challenged below. They mask the fact that
conventional technology is not providing service to millions of households in
developing countries.
First, it is commonly asserted that the environment is intrinsically
shared and therefore water and waste disposal systems must be provided as
collective services, the responsiblity of large collectivities such as muni-
cipal or national governments. In other words, even if some individual
households and communities are able to improve their own conditions on a
decentralized basis, the surrounding environment will not be improved until
all remaining households or communities participate in the program.
In response to this assertion it can be argued that although the
environment is shared and responsibility for servicing it lies with the
government, the government has not met-this responsibility. At present the
environment is not being improved -- the result of government default.
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Decentralized actions, no matter how small-scale and piecemeal, can improve
the immediate living environment of the household or community involved.
Obviously the environment is shared; however this is beyond the
responsiblity or control of the individual or community. Their responsibility
is first to survive, if possible improving living conditions for themselves
and their children. If alternative technologies -- providing the option of
decentralized or self-help action -- can accomplish this they should be
encouraged despite their minimal impact on the total environment. Such
efforts do not in any way preclude later municipal action. A network of
decentralized efforts coordinated by the government could upgrade the overall
environment as effectively as the installation of a conventional centralized
system. A pipe network laid through self-help efforts can as easily be linked
into a central distribution system as one constructed by more conventional
means. A range of alternative technologies, including small-scale systems,
allows the installation of systems more appropriate to the conditions of
individual squatter areas than the conventional technology.
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The paradigm of the "prisoners' dilemma" also argues against the shared
environment theory. While a conventional system (if implemented) may have
greater environmental benefits, it is difficult for an individual to see the
result of any input he or she makes for the good of the whole. That action may
be one among thousnads and make little difference to the overall condition.
In a small-scale, self-help situation the individual is able to see direct
results of his or her contribution to the community good. This leads to
greater willingness to participate in the effort.
The second argument supporting conventional technology is that of economies
of scale. Substantial economies can be achieved by large scale
centralized systems which are not available to alternative technologies.
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These economies of scale are reflected in a lower cost per household than is
possible with smaller scale systems. This argument is a common one and has
been made so often as to seem obvious.
The fallacy of the economies of sca-e argument is that it assumes that
the economies of scale will be achieved because the conventional system will
be installed. In fact such systems rarely reach squatter'communities and thus
the economies of scale become meaningless calculations. The argument assumes
a choice between conventional and alternative technology costs. The choice
is more often between small-scale, self-help systems and nothing. Innumerable
examples exist, such as that documented by Mangin in Lima 6, where squatters
are willing to pay, and do pay, considerably in excess of standard central
service rates of alternative service since service from the conventional
system is not extended to them.
The other fallacy of the unit-cost comparison of conventional technology
to smaller-scale technology is that it is a comparison of dissimilar items.
To compare fledgling, small-scale, esoteric technology to the well-established
technology used world-wide in central water/waste systems results in a wide and
self-pe-rpetuating disparity between the two types of systems.
Finally, the economies of scale of conventional systems are mitigated by
an array of hidden diseconomies also associated with the conventional technology.-
-- its level of technology, capital requirements, physical rigidity, etc.
When these diseconomies are made explicit the advantages which conventional
systems appear to have over alternative technologies become less significant.
The hidden diseconomies of the conventional technology for the provision
of water and waste disposal service include:
(a) Excessively high standards of water quality
At present, most conventional systems purify all water to standards of
human consumption because a small fraction must actually be used that way.
61)
The remainder is utilized for other household functions such as cleaning,
laundry, animal consumption, etc. requiring lower levels of purity. If
individual household purifiers could be used to purify water only to the
degree of purity needed, thereby purifying most water to less than human
potability, considerable cost could be saved.
Most cost comparisons ignore this possibility, assuming that all water
must be produced to drinking standards. This ignores consideration of how much
greater coverage might be achieved by existing systems for the same costs if
standards were lowered. Many cities in developing countries now service half
to two-thirds of their population with potable water and the remainder with
nothing. The trade-off of greater coverage for lower standards seems rarely
to have been broached. This is particularly ironic since the poor conditions
of many pipe networks mean that by the time the purified water reaches the
household it has been contaminated by leakage into the pipes. Individual
households boil, filter, or otherwise purify a fraction of the water up to
drinking standard or buy bottled water for drinking. However the official
goal is still to provide potable water -- raising costs and lowering coverage.
Combinations of central service and individual purifying devices, allowing
greater coverage offer an area of unexploited potential.
(b) Excessively high standards for construction materials
The cost of conventional systems is raised considerably by the standards
of pipe thickness, strength of fittings, etc. which are based largely on
individual judgement of safety factors and usually prove to be two or three
times the actual strength required. Although longer life and lower mainten-
ance requirements are usually the result, so are higher capital costs. This
may be an important consideration in developing countries where capital is
scarce and labor costs are low. It may be more economic in the long run to
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service more people with a shorter-lived system employing labor-intensive
maintenance than to install a conventional system. Given the uncertainty of
the status of the squatter areas forty years from now perhaps the highest
priority is not to provide systems with a certain life of fifty years.
Secondly, conventional water systems are constructed to carry water at
the pressure required for fire flow without the use of pumping fire trucks.
This necessitates higher quality jointing and stronger pipes, and the higher
pressure results in more leakage from the pipe network. It has been estimated
that 60% of the network costs are due to oversizing to meet fire flow standards. 8
Perhaps the same quality of fire prevention service could be provided by cons-
tructing networks merely for domestic water service and increasing the number of
pumping fire trucks. At present many neighborhoods have pipes constructed to
fire flow standards, at great expense, but the water flowing through them is at
insufficient pressure to meet fire fighting needs; neighborhoods without such
a pipe network have even less fire protection. At the same time the city is
not investing in pumping fire trucks, because the pipe networks are theoretically
constructed to fire flow standards. This is yet another example of technological
standards inappropriate to the needs of the situation.
(c) 'High cost of distribution and collection networks
A third hidden diseconomy inherent in the conventional water/waste technology
is the high cost of the distribution and collection network. It is estimated
that 75% of the capital costs of the system is the pipe network connecting
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points of service with each other and to the central facility. Purifying appli-
ances, treatment plants, and recycling units for small clusters of households or
communities could substantially reduce the cost of pipeline connections. Recycling
units at the level of the individual household could virtually eliminate pipe
network costs. This is particularly important in the case of outlying communities
whose distance from the municipal system has made the cost of extending
the system to service them prohibitive.
Thus in comparing the per-unit costs of a decentralized system to those
of a conventional centralized system, the extra costs of the individual
purifying units are off-set by the saving in pipeline costs. Or conversely,
the economies of scale achieved by conventional centralized treatment plants
are offset by the cost of the networks.
(d) Cost of mixing wastes
An additional diseconomy of conventional wastewater treatment is a result
of centralization of service: the further the wastewater travels from its
point of origin the more thoroughly mixed the water matter becomes with the
water and the more difficult it is to separate during treatment. A further
complication is that centralization usually results in combining industrial and
domestice waste requiring all wastewater to be treated for the removal of wastes
of industrial origin - a more comlicated and costly process than simply removing
domestic wastes. It would be simpler and less expensive to treat wastes close
to their point of origin, allowing separate treatment of domestic wastes at the
community level.
(e) Costs of obsolescence
Closely related to the problems of network costs are the costs of obsoles-
cence. In Seoul, Korea for example, twice as much water is purified as is used.10
Fully half of the pure water leaks from the obsolete pipe system before reaching
the users. To repair or replace the pipe network (built around 1900 for a much
smaller population with different water needs) would be so costly and difficult
..that the city prefers to purify more than an extra half million tons of water
daily at significant expense and wasted water. Thus due to the centralized
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nature of the system, any additions to the municipal system require increases
of purification capacity of twice that which will actually be used. Decentral-
ized systems could be established in presently unserviced areas that would not
aggravate the obsolescence of the old system. Again, this category of cost
should be included in any comparative analysis of conventional and alternative
technologies, and may significantly offset some of the ecohomies of scale of the
conventional technology.
(f) Problem of large increments
The economies achieved by large scale systems may also be offset by the
problem of large increments. For example, additionas to a metropolitan water/
waste system are typically measured in increments of thousands or tens of
thousands of new users. yet obviously demand grows more smoothly, resulting
in a substantial disparity between capacity -- which grows as a step function--
and demand -- which grows as a relatively smooth function (see figure 4). The
result of this disparity is necessarily a condition of overcapacity and/or
undercapacity -- both of which represent diseconomies as illustrated.
The cost of overcapacity in the United States has been estimated by
Richard Weinstein to be 23% for capital costs and 15% for operating costs.
These are costs which would not accrue to a system which could grow in small
increments, closely keeping pace with demand.
Whereas the monetary costs of overcapacity can be computed fairly directly
the costs of undercapacity are usually imputed and therefore only crudely
estimated. The worldwide consequences of under-capacity as expressed in terms
of human suffering, disease, death, and pollution defy monetary translation,
but are enormous. Since small-scale systems would allow incrementally expandable
water and waste service these costs could be considerably reduced. This must
somehow be considered in comparative cost calculations between large and small
scale systems.
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(g) Cost of investment inertia
A corollary to the problem of large increments is that of investment
inertia, particularly in developing countries. Since the technology (which is
capital intensive anyway) requires that the system be expanded in large increments,
the capital required for expansion is enormous. In a capital scarce situation
this results in frequent postponement of water and sanitary projects in favor
of smaller, more manageable investments.with higher rates of return. The
example of Seoul's outdated pipe system cited earlier is a dramatic example of
investment inertia -- to dig up and upgrade, or replace, the existing pipe
system would be so costly that the investment has been repeatedly deferred.
The universally difficult decision as to when, where, and how much to
invest in infrastructure is further complicated by investment lag time, fore-
casting uncertainty, unreliability of statistics and demand forecasts, etc.
These difficulties grow with the size and projected life of the system and add
to the problems of trying to meet small demand increases with large capacity
increments. The capital requirements of the conventional technology not only
result 'in investment inertia on the part of government, but also make self-help
installation of service an impossibility. Decentralized, small-scale systems
would be better able to meet demand incrementally thus reducing investment
problems and the costs of inadequate planning.
(h) Costs of installation of rigid networks
The conventional water/waste technology is characterized, as described,
by a hierarchical grid of pipe. The imposition of such a grid on the often
chaotic and dense pattern of settlement of squatter areas implies destruction
of a large percentage of the dwellings. If compensation is offered the procedure
becomes extremely costly. Whether or not it is offered, destruction and dislocation
inevitably incure substantial social and political costs. This problem would be
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FIGURE 4: PROVISION OF INFRASTRUCTURE -- LARGE SCALE VS. INCREMENTAL SYSTEMS
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mitigated by the use of more flexible systems and the costs of compensation and/or
dislocation must be included in comparative calculations of technology cost.
This problem is most acute in the servicing of existing settlements. However,
even in servicing new settlements, freedom from the constraints of a rigid grid
would allow more flexibility in layout and expansion. For example, it would be
possible of have lot size and shape conform to the needs and uses of the residents
rather than dictating long narrow lots to maximize pipe connections.
(i) Costs of servicing marginal land
The marginal land upon which most squatter settlements have been forced to
develop (usually available because conventional development has deemed it unbuild-
able or undesirable due to conditions of steep slope, poor drainage, distance from
city center) implies exceptionally high costs for the installation of underground
mains and pipelines. In most cases the high cost of extending pipes, constructing
pumping stations, etc. simply reinforces the government inaction. Thus the limi-
tations of the conventional technology clearly constrain the possible solutions.
Although the cost of servicing marginal land with conventional technology may be
prohibitive, small-scale flexible technology may be able to provide service to such
areas. The costs (although prohibitive) of conventional systems in such a setting
must be considered in a comparative cost analysis.
Governments should consider the higher costs of servicing marginal land when
considering settlement policies. Recognizing the inevitability of spontaneous
settlement, serviceable land should be set aside. Infrastructure need not be laid
out in advance of settlement, but allowance should be made for future service systems.
(j) Failure to tap abundant resources
The installation of conventional technology in developing countries has, for
the most part, emulated the capital intensive approach of industrialized nations
despite the substantial pools of unemployed and underemployed labor. It has been
argued that use of labor intensive technology is inefficient; that it is better
to keep the goals of 'public works' and 'welfare' separate, rather than
providing employment through labor intensive public works. The essence of this
theory (see figure 5) is that public works should be constructed as effectively
--i.e. capital intensively -- as possible (A) and if unemployment continues as
a problem a separate welfare program should be established (B). I would
argue that a labor intensive public works program (C) represents a better
overall expenditure of resources for most developing nations. With a straight
welfare program, no work results from the money paid out; at least with a labor
intensive program some work results, lessening or eliminating the need for the
capital intensive program. Thus the costs of A + B must be greater than the
cost of C.
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Labor intensive technology has the following advantages over capital intensive
technology in developing countries:
(1) Foreign exchange capital is released for vital imports rather than
being used to purchase imports for which local labor could be substituted.
(2) Employment is provided in a society of high unemployment; allowoing
money which would otherwise have been spent overseas on technical assistance
or equipment to recirzulate in the economy.
This substitution of labor intensive technology for the conventional capital
intensive technology can occur in the context of centralized or decentralized
68)
69)
systems. In either case if a conventional system is installed the cost of
its failure to utilize abundant and.inexpensive labor should be talen into
account.
(k) Lack of control over facilties
One cannot ignore the importance of direct control over facilties
relating directly to health and survival. For example, one could perhaps show
substantial economies of scale if all household food were stored in a community
or municipal cold storage locker rather than in individual home refrigerators.
However, the loss of personal control and convenience of access would be
generally considered unacceptable despite the lower cost. Such lack of control
is virtually taken for granted in the case of conventional water supply systems.
It is suggested here that control over critical facilities and services is
important to squatter households and should be considered in comparing large
and small scale systems.
Summary
The complexity of the conventional technology for the provision of water
and waste disposal services, the diseconomies apparent in its application to
squatter areas, and the appalling record of government default in providing
service make clear the need for alternative means by which households and
communities may provide their own water and waste disposal service if necessary
and by which the abundant labor resources of developing nations may be better
utilized. There is a clear mismatch between the needs of the situation and the
conventional solutions presently being applied. If squatter households are
ever to receive service it will be necessary to broaden the range of techno-
logical alternatives by which water and waste disposal service may be provided.
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CHAPTER 5:
ALTERNATIVES TO THE CONVENTIONAL TECHNOLOGY
Fortunately conventional technology is not the only way to meet the needs
of urban households for water and waste disposal service. This point is basic
but difficult to keep in mind -- we have become so accustomed to the conventional
way of meeting water and waste disposal needs that it is difficult to separate
the problem from the conventional solution. Instead we continue to be dictated
by the demands and constraints of the conventional technology. Instead of seeking
alternatives means of waste disposal we are distressed by the difficulty 6f
laying sewer pipes in densely settled areas. Within the physical, economic, and
political constraints of the conventional technology the problem is insoluble.
If solutions are to be found new technology must be developed.
[Throughout this discussion of alternative technologies it should be clear
that the suggestion is not that conventional water/waste technology be abandoned
but rather that a more complete range of alternative technologies should be
available. It is important to continue to urge governments to make efforts
to provide squatters with service using conventional technology where sufficient
resources are available, and to allow and encourage labor-intensive, self-help
efforts to link squatter communities into the municipal system. The point made
here is simply that in most nations the conventional municipal systems will
never be extended to all urban households either by government or self-help
efforts -- the necessary resources simply do not exist. If more than a small
percentage of urban households are ever to be serviced alternate technological
solutions must be found.]
In the area of building construction an "intermediate" technology has
developed -- an urban adaptation of the :ural building tradition involving a
range of choice of materials, components, and technical solutions. Millions
of dwellings around the world have been built by this hybrid of the traditional
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and modern sectors. Squatters have adapted traditional building technology to
se the materials available in the urban environment -- flattened tin sheets,
scrap material, etc., resulting in a cheap and flexible intermediate technology.
In the area of water/waste systems the equivalent mix of traditional and
modern technology does not exist. Urban homebuilders are forced to choose
between archaic traditional systems -- wells and pit latrines -- and modern
systems -- piped water supply and sewage collection networks and treatment plants.
Since the modern system is rarely available to residents of squatter areas they
are forced to rely on the traditional systems. These systems of water supply and
waste disposal, which evolved in pre-industrial society and in rural areas, do
not function effectively in the residential areas of modern cities due mainly
to the high population densities and break down of traditional organization
patterns.
Winblad has portrayed the present situation as follows: 1
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FIGURE 6: RANGE OF TECHNOLOGY EFFECTIVENESS AND COST
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The development of intermediate technology utility systems to fill the gap
between modern and traditional technologies is essential if the current trend
of steadily deteriorating urban conditions is to be reversed. Little has been
done in this direction. Work in the area of water supply and waste disposal has
focused primarily on the needs of rural areas. While much of this could be
applicable or adaptable to the needs of urban communities, the effort to make
this transference has not been made.
What is needed is not so much a "technological breakthrough" as an effort
to imaginatively reconsider the applicability or adaptability of existing tech-
nologies to the needs of presently unserviced areas. The time has come to put
aside the constraints of the conventional technology, to consider explicitly
the demands which any system able to service squatter areas must be able to meet,
and then to describe existing systems which some or all of the characteristics
necessary to meet these demands. At best the result will be a range of possible
solutions; at worst we will have a more explicit understanding of the type of
technology which must be developed.
Technology Characteristics
A necessary step toward developing alternative means for provision of water
and waste disposal service is to state explicitly the characteristics which such
service systems must have. It is important to keep in mind that the term
'squatter settlement' covers a wide range of situation -- some of these areas
are arid, some have overabundant water supplies; some cling precariously to
steep hillsides, others are built on flat plains; some are increibly dense, others
relatively less so; some are preipheral, others located at the city center. The
relative importance of each of the points discussed below.will vary depending
on the particular conditions of the settlement needing service. Some character-
istics will be more universally important than others. The governing image
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should be the need to develop a range of possible solutions.
There are six types of characteristics which are important in the perfor-
mance of water/waste systems most of which are lacking in the conventional
technology making it unable to meet the needs of squatter settlements. These
are (1) physical characteristics, (2) cost, (3) socio-cultural characteristics,
(4) environmental characteristics, (5) ability to meet health standards, and
(6) technical complexity.
(1) Physical Characteristics
(a) flexibility: The system must be sufficiently flexible to be installed in
the dense settlement patterns of existing squatter settlements with a
minimum of dislocation of existing dwellings. Flexibility is also
essential in order to service marginal land on which many squatter
settlements have developed. Such conditions suggest the use of non-network
systems wherever possible.
(b) incremental expansion: The system should be capable of expansion in
small increments in the same manner as the settlement itself expands.
This would allow service to expand gradually in response to demand,
reducing the costs of undercapacity.
(c) scale: The system should allow households and small groups to meet
their own needs even in the face of government default and/or disorgani-
zation within the larger community. This implies a small scale self-suf-
ficient system.
(d) self-sufficiency: The ability of the system to operate self-sufficiently
would also permit service to peripheral communities which presently are
unserviced because their distance from the city center means extremely
high network costs to connect into the municipal system. A self-sufficient
system would also allow service to central city communities in cities
unwilling or unable to expand service.
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(2) Cost
(a) capital: The initial investment required for construction should be
compatible with the resources of the group contemplating the investment
-- national or municipal government, community or household.
(b) operating costs: The ongoing operating costs and life of the system
should also be compatible with the resources of the users and the
expected demand over time,
(3) Socio-cultural characteristics
(a) cultural compatibility: Methods of water distribution (household taps
vs. communal taps) and waste collection and treatment should be compati-
ble with the local cultural and religious practices.
(b) nuisance factor: Wastewater and human waste must be disposed of in a
manner which keeps odor and unsightly conditions to a minimum.
(c) organization: The implementation of the system should not demand a level
of social or political organization not already present or easily
attainable by the community in question.
(4) Environmental characteristics
(a) resource conservation: The system should conserve resources to the
greatest extent practical, including conservation of water, use of
local renewable resources for construction and maintenance of the system,
and use of local labor.
(b) ecological balance: The system should disturb the natural balance of the
ecosystem as little as possible.
(5) Health
(a) water quality: The system should provide water of sufficiently high
quality to be consumer by humans, although all water in the system
need not be of this quality.
(b) waste disposal. Waste disposal, particularly the disposal of human
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feces, must be achieved in such a way as to prevent the spread of disease.
This means specifically that contact of human waste with water, soil,
animals, insects or humans should be as restricted as possible.
(6) Technical Complexity
(a) imported vs. indigenous technology: As far as possible, traditional
methods (or adaptations of these methods) should be used as this eliminates the
need to overcome cultural barriers to sell a new, foreign technology. The
decision to use an imported technology usually involves the hiring of foreign
consultants, foreign technicians, etc. at great cost in scarce resources -- both
direct cost and cost of lost multiplier effect.
(b) servicing and maintenance requirements: The system should have minimal
requirements for servicing and maintenance -- both in terms of technical expertise
and specialized parts. Skills and materials required to operate the system
should be found in the environment in which it is to be used.
(c)~suitability of self-help: A specific application of the previous point
is the ability of the users to install and operate the system with a minimum of
outside assistance. This is a critical characteristic in the many nations where
it is clear outside help will not be forthcoming in the near future.
The primary goal of the search for technologies with these characteristics
is the provision of water and sanitary services to all urban households,
particularly the squatter areas of developing countries. Secondary goals are
t achieve (1) lower per capita costs, (2) conservation and more balanced use of
water, labor, and other natural resources, and (3) greater control for the
individual household or community over services essential to its wellbeing.
The focus of tehcnology search should be on the development of intermediate
technology, appropriate for installation at the household or community scale.
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The issues of scale, cost, and resource conservation all suggest consideration
of non-network systems, non-water-borne waste systems, and recycling of waste-
water for household re-use.
The low-cost systems described in this chapter have the characteristics
listed above in varying degrees. They all have the potential to contribute to
the provision of service to persently unserviced squatter areas, however some may
be more appropriate in some situations than others. Although the focus is on
low-cost systems, some experimental technologies whose present high cost precludes
their use in developing countries are included on the assumption that simpler,
cheaper adaptations can be developed if a market appears to exist. The purpose
of this section is to set out the issues raised in choice of technology and
display the range of existing technology and ways in which it might be organized
to meet the needs of unserviced households and communities.
Efforts to provide service to squatter areas have nearly always focused
on the provision of water. The importance of water to human existence is clear
and indisputable. The role of water in reducing disease is accepted. The provision
of waste collection systems lags far behind water provision. This is unfortunate
since, while a family can (and must) carry sufficient water to survive, waste
disposal is a less pressing short run problem and more difficult for the individ-
ual household to solve. The long range consequences of ignoring the need for
adequate waste disposal, the resulting contamination of available water sources,
and the spread of disease have been discussed in Chapter 2.
The logical intervention into this cycle of contamination and disease is
improvement in the waste disposal system. Most households at present have only
the most primitive means of waste disposal -- pit latrines or buckets to be
dumped into a nearby stream. These disposal "systems" often result in contamin-
ation of otherwise adequate water sources. This is particularly true of local
wells which have been contaminated because of proximity of pit latrines and
7l7)
contamination of the groundwater. If new technology can solve the waste
disposal problem, the water problem of many communities becomes soluble.
For this reason the nature of the technology choice discussions for water
systems and waste disposal systems which follow are quite different. The focus
of the first is the re-organization of existing systems of water provision and
incremental changes in these systems in order to provide wider coverage at lower
cost and more efficient use of resources. The discussion of waste disposal
systems, on the other hand, focuses on new systems which may allow provision of
service where none exists now. These systems may result in the non-contamination
of the existing sources of water, lowered water consumption, and in the case
of recycling systems, a new source of water.
Water Supply Systems
The choices in water supply systems involve the re-organization and
incremental change of existing technology, and the acceptance of these changes
by the governments and communities involved. The main issues raised are:
(1) Should water be provided by pipe network or non-network means?
(2) To what degree, and at what point in the process, should the water
be purified?
(3) What is the potential for recycling water for household re-use?
(4) What level of initial investment and operating costs can the users
afford? How can user fees be set to encourage both conservation
and more equitable distribution of water?
The answers to these questions will differ according to the particular
circumstances of the individual municipality and community. Climate, economic
resources, and the attitude of the government will be importanL determinants
of the decision to be made. It is important that there be recognition that in
many situations the conventional centralized systems for water provision may
not be the most appropriate choice; that different circumstances and needs
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elicit different responses. This is entirely logical and does not imply
compromise in quality or acceptance of second-class status.
(1) Non-network alternatives
The costs of networks, the water lost through leakage in the distribution
system, and the loss of community control through dependence on a central
facility have all been discussed elsewhere. There are three major alterna-
tives to network systems: delivery of water (by truck or cart), carrying
water from local sources (such as wells), and recycling wastewater for house-
hold re-use. All of these may occur at the household or community scale.
Delivery of water may be either by truck or some more primitive form
of transportation such as an ox or donkey cart. A road network is required
for delivery. Water may be transported in tanks to be delivered into a
household or community water tank, or it may be bottled for delivery to
local vendors or directly to consumers. Water delivered to a community
tank may either be used there, from a standpipe, or may be connected by a
local pipe network to the individual households. The latter arrangement
may be installed by residents of the community and can later be hooked into
the municipal system rather than the community tank if such an arrangement
seems desirable.
The oldest and simplest non-network water system is the well. In most
urban squatter areas, the density of settlement and poor waste disposal
techniques have contaminated the groundwater supply, making well water
unsafe for consumption. However if waste disposal systems were installed
the resulting improvement in the well water would be dramatic. Of course,
not all communities have access to wells, or have only seasonal well water.
However, where such a supply is dependably available it represents an ideal
decentralized, community controlled, labor intensive, water supply system.
Recycling wastewater for re-use at the household or community level
has been considered beyond the price range of squatters. However, the
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savings in network costs, lower technology cost (as the system becomes
more widely used) and conservation of water, make recycling an important
alternative. Specific alternative re-cycling systems will be described in
the discussion of wastewater systems. Recycling systems would require
"topping off" (periodic replacement of water lost) which could be accomplished
by truck delivery of water, collection of rain water, etc.
The possibility of mixing these systems should.be considered. For example,
:,the purchase of bottled water delivered by truck for drinking and use of
recycled water for all other household uses is a likely combination.
(2) Purification alternatives
If water is provided by a municipal pipe system the possibility of
purification at the household or community level rather than at a central
treatment plant should be considered. This would remove the present
problem caused by leakage into the distribution system, introducing impurities.
This might be achieved by chlorination of the water in the community tank
or by attachment of a purification device to the water faucet in each
household. Such a device has been developed in Switzerland and sells for
under US $10.2
The possibility of only purifying to potable standards water that is
actually to be consumed should be considered. This may raise problems of
confusion between pure and impure water and a resulting rise in disease.
Drinking water should be as easily available, either from the tap or bottle,
as less pure water. The cost of purification is not sufficiently great to
be worth increased illness among users by its reduction. If toilets are to
be installed use of lower grade water for only this purpose may be considered.
(3) Recycling
As mentioned in (1) above, recycling systems suggest a means of conser-
ving water, eliminating network costs, and allowing almost complete user
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control. If non-water-borne systems for disposal of human waste are
installed, the recycling of remaining household wastewater is less complex
and costly. A number of possible systems are discussed in the section on
waste disposal systems.
(4) Cost
Clearly the $600 per capita cost for water and waste disposal systems
(of which more than half may be attributed to water system costs) is out of
the range of squatter communities and the economy of most developing
countries. The use of self-help and labor intensive technologies will
help substantially to cut the cost as will the elimination of networks and
imported construction parts. Planning should be based on the resources of
the users, not specifications used in industrialized societies. The
resources of the users -- their willingness to pay for service and their
willingness to participate in the construction of the service systems--
should not be underestimated. Incremental systems constructed with self-
help and labor intensive systems should become an accepted means of
providing service and should be encouraged by the government.
Decisions in each of these areas are heavily dependent on the individual
situation and the waste disposal technology to be used. For example, if water-
borne waste disposal systems continue to be prevalent a much larger volume of
water will be required than would be necessary with a non-water-borne system.
Each system, or mix of systems, should be considered in terms of the character-
istics set out previously: physical flexibility, cost, cultural compatability,
technical complexity, and health standards.
Waste Disposal Systems
The range of existing non-conventional technology to be considered for
waste disposal is greater than for water supply systems. The main issues which
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arise are:
(1) Should the system be water-borne or non-water-borne?
(2) Should disposal be by a collection pipe network or some other means?
(3) What is the potential role of recycling systems?
(1) Non-water-borne systems
The conventional water-borne sewage system is not necessarily the most
appropriate technology for developing countries. The large quantities of
water necessary for its operation, the cost of the collection network, and
the need to then purify the wastewater suggest alternative approaches. Use
of another means of disposal of human waste would allow use of this waste as
fertilizer, elimination of network costs, greater ease in treating remaining
household wastewater for re-use, and tremendous savings in water consumption.
(2) Non-network alternatives
This issue was discussed in the previous section on water supply systems
The same points can be made for waste disposal. Waste collection could be
accomplished either by hand cart or tanker truck, from household or community
collection points. The lower volume of sludge to be collected from a non-
water borne system would increase the feasibility of such a system.
(3) Potential for Recycling Systems
The feasibility of recycling systems is considerably enhanced if human
waste is not added to the wastewater. This lessens the complexity and cost
of the treatment required to achieve the high level of purity required for
re-use.
These issues and the characteristics identified as important for water and
waste systems in squatter areas should be considered in evaluating the range of
existing waste disposal technology.
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CLASSIFICATION OF WASTE DISPOSAL SYSTEMS
A number of different systems have been used to classify existing methods
of waste disposal. Wagner and Lanoix (1958)3 divide systems into privy and
water-carried systems. Grava (1969)4 uses a division of individual systems and
collection networks. Winblad (1972)5 classifies systems according to their
principle of disposal: removal, infiltration, or destruction. The McGill Minimum
Cost Housing Group (1973)6 has modified Winblad's system, using categories of
infiltration, manual removal, mechanical removal, destruction, and decomposition.
In this paper I have used a combination of the Winblad and McGill systems
and will classify existing technology as follows:
INFILTRATION
1. Pit Latrine
2. Aqua Privy
3. Septic Tank
REMOVAL
Non-Network
1. Bucket
2. Packing Toilet
3. Freeze Toilet
4. Vault/Vacuum Truck
5. Chemical Toilet
6. Recirculating Fluid
Network
1. Water-borne Network
2. Vacuum Network
ON-SITE DESTRUCTION
Incineration
1. Incinerating Toilet
Decomposition
1. Compost Privy
2. Continuous Aeration
3. Algae Digester
4. Household Waste Treatment Plant
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INFILTRATION
Those systems by which waste is absorbed by and dispersed into the soil and
groundwater are included among infiltration systems. It is the oldest and still
the most widespread means of waste disposal. The waste is fermented in a pit and
allowed to infiltrate the soil. The process can take place with or without water
and operates best in warm climates. Adequate absorption capacity of the soil and
low density of settlement are essential to the successful operation of these
systems. In some infiltration systems the sludge is removed from the site by
manual or mechanical means.
REMOVAL
Those systems in which waste is removed from the site for treatment and/or
disposal elsewhere are included among removal systems. These divide into
(1) non-network and (2) network systems. Removal has traditionally been practiced
in situations where infiltration was not possible for reasons of high population
density, soil with low absorption capacity, or cold climate.
ON-SITE DESTRUCTION
Those systems which operate on-site to reduce excreta to inoffensive material
of varying bulk and utility. They can be separated into two types: those based
on aerobic decomposition and those based on incineration. These systems have
not been widely used to date; some of the systems described here are still in
the experimental stages. However they have great potential for use in situations
where neither infiltration nor removal systems are suitable.
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DESCRIPTIONS OF SYSTEMS
INFILTRATION
1. Pit Latrine
The Pit Latrine consists of a hole in the ground covered with a squatting
plate or slab with a riser and seat. The liquid wastes infiltrate the soil and
the solids accumulate in the pit where they gradually decompose. When the pit
is full a new latrine must be built.
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The pit latrine is the oldest, cheapest, and simplest system for human waste
disposal. However, it results in pollution of the soil and groundwater and
must be periodically relocated and thus is unsuitable (and dangerous) for use in
dense urban areas
EXAMPLES: 'Bioque' (France); Chiang Mai Squatting Plate (Thailand)($7.50)
2. Aqua Privy
The aqua privy system consists of a steel or concrete tank with a constant
water level. A vertical pipe extends from the toilet seat to below the liquid
surface. A quart (1.1 liters) is hand (or power) pumped or poured into the bowl
for flushing after each use. The waste empties into the tank where it undergoes
anaerobic decomposition. Gasses from the tank are vented to the outside. The
liquid overflows into a soaking or leaching pit to be absorbed by the soil. The
Digested sludge must be removed at periodic intervals.
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Initial cost is relatively high, but operating costs are low. The system
requires soil with a high absorption capacity and a situation where there is
no danger of groundwater pollution, and low density to allow adequate distance
between systems. It is not suitable for high density urban areas.
EXAMPLES: 'Flush-0-Matic' (Canada)($79.95 - toilet alone)($179.50 including tank)
'Head-Mate' (USA) ($106.50)
'Marine Hand Toilet' (Canada)($75.00)
3. Septic Tank
This system is essentially an aqua privy, except that the toilet seat is
not located directly on top of the tank, but some distance from it. Waste is
carried to the septic tank by an individual water-borne disposal system through
pipes. The system has the same advantages and disadvantages as the aqua privy
system except it consumes a much greater quantity of water, five to seven
gallons per use.
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REMOVAL - Non-Network
(1) Bucket
This is the oldest and simplest of removal systems. The waste is deposited
into a bucket which is removed, emptied, and cleaned at frequent intervals.
This traditional system uses no water and has a minimal initial cost. However,
when used in dense urban areas, collection and disposal of the waste becomes
expensive and difficult to maintain. The system involves obvious health hazards
due to handling and emptying of buckets; the waste is accessible to flies, and
the odors resulting from collection are unpleasant.
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There have been a number of refinements of the basic bucket toilet, including:
(2) Packing Toilet
The packing toilet is a mechanical toilet which seals the waste in a
.plastic bag after each use. This bag falls into a larger sack which has to be
emptied at intervals. The health hazards created by handling waste in the basic
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bucket system are eliminated and the waste may be removed for composting. There
is a high initial cost; however operating costs are low (supply of bags and
collection system).
EXAMPLE: 'PACTO 101' (Sweden)($621)
(3) Freeze Toilet
This system, also developed in Sweden, is a bucket toilet where the waste
falls into a refrigerated unit (- 15'C) and is removed periodically for composting.
human
waste
Sfrozen waste
removed for
disposal
}freezing
power~ unit
compressor
The health hazards of the bucket system are eliminated as long as the waste
remains frozen. The initial cost is high, however operating costs in Sweden
are low, US $.02-.03 per cady. Power (to refrigerate the waste and warm the
seat) is required, but no water.
EXAMPLES: 'MARKT' (Norway);
'TE-BE' (Sweden) ($336)
'MINIHJARTAT' (Sweden)($383)
(4) Vault/Vacuum Truck
The toilet is located directly above a ventilated steel or concrete vault.
Waste falls directly into the tank and is collected at intervals by a vacuum
truck. This system is used extensively in Japan and Taiwan. It uses neither
watei nor chemicals and has a low initial cost. However, it requires specially
designed trucks and a road network.
EXAMPLES: 'OJO 7000' (Sweden)($546)
'OJO 7100' (Sweden)($364)
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5. Chemical Toilets
The simolest form of chemical toilet is a bucket system- to- which
chemicals are added to reduce odor and rate of decomposition.
Formaldehyde is the most commonly used chemical component,
human
waste
chemical b
V
manual
removal
Initial costs of this syteu are 1 o, iut checmicals are expensive.
In addition they are dancerous to the user unless handled with extreme
are and cause serious oroblems in ultimate disposal of the waste by
polluting vegetation and ground water and disturbing the natural process
of decomosition.
EXAMIPLES: 'Perdisan Standard. >inor' (England)( J75); 'Ranch' (France);
Igloo' (France; 'Closesso'Perfecta' (France) ($72);
'Mobilcloset' (France (372); Sanitam Standard (France)(.44 9);
Sanitam Salubris (France)( 33),
The Chemnical Privy is a more elaborate chemical system. It is
essentially a vault to which chemicals are added to kill bacteria,
inhibit decomoosition and liauify solids. Lye is the agent most commonly
added, This system has the same disadvantages as the vacuum truck
system in that it requires expensive equipment and road networsk.
In addition the contents of the tank to be emotied are hazardous.
EXAMi.PLES: "Turauo' Frane)('anoir'(France)( p272); Castel(France)(-182);
89)
The recirculating chemical toilet is a chemical system which has
been modified by adding a pump which recirculates the contents of the
tank for flushing. The chemicals liquify the waste, inhibit decompos-
ition, and colorize the liquid, The system uses little water but
requires power from a motor (or battery). These systems are commonly
used on pleasure craft and commercial passenger planes. The cost is
high and waste disoosal problems are the same as for other chemical systems.
EXANPLES: 'Jetflush Minor' (England); 'Mlonomatic' (USA) (4195);
'Potpourri' (Canada)(470); 'Craft Toilet' (USA)(, 215);
6. Recirculating Fluid
The basis of this system is the use of a fluid immiscible to
human waste as the flushing and disposal medium. The waste is flushed
into a tank where the wate and liquid are separated and the fluid is
used again for flushing. The separated wastes are stored in a small
tank for periodic collection. Other household appliance will continue
to use water which, because of the absence of human waste, will be
only lightly polluted and easily treated for re-use.
EXAMPLE: 'M1agic Flush' (USA & Canada),
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REMOVAL: Nletwork
1. Water-Borne :ietwork
The most common capital intensive system of waste disposal is
the water-borne network system which has been described in detail in
Chapter 3. It is included here merely for completeness. The system
consists of flush toilets connected to a pipe network which transfers
waste to a treatment plant or point of discharge, The conventional
toilet uses five to seven gallons of water (22 to 30 litres) per
flushing. human
waste ae
wate
sewage removed via
collection network
Toilets have been developed which use only two gallons (nine litres)
per flushing. Another type, eauinpned with a grinder, can function on
only 1 gallon (4.5 litres) per flushing. The system has high initial
costs and is difficult to install in dense urban areas.
2. Vacuum N etwork
The vacuum system was introduced in Sweden in 1957, It consists
of specially constructed flush toilets connected to a pipe network in
which a vacuum is created. About 1 litre of water is required per
flushing. The sewage can be carried about 5 meters vertically and
about 192 meteres (640 feet) horizontally without substations. The
vacuum network has the advantage of low water consumption and indepen-
dence of gravity fall. However, as with all network systems, the
initial cost is high.
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ON-SITE DESTRUCTIOU: Incineration
1, Incinerang Toit
This system consists of a toilet with a combustion chamber
below. "ost models have a liner which absorbs the liquid waste and
is then incinerated, GAses are vent to the outside. The system uses
electricity, oil or propane gas, The destruction is rapid and total
leaving only ash which must be removed periodically
gases human
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The capital cost of the incinerating toilet is high. Operating costs
are between 3.01 (oil) to '.06 (gas or electric) per use. However
no water or chemicals are used, the process is safe, and the waste
ash is sanitary and easily disposed, The system has been widely used
in arctic regions where deconmposition systems operate ineffictently,
EXAMPLES: 'DESTROILET' (USA)(.465); ELO'NETTE' (Sweden) ('364);
'TOARETT (Sweden)()7325); 'ECETT' (Sweden)(J781); 'ELEKTR.O
ST.ANDARD' (Sweden) ( *347);
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ON-SITE DEST3UCTION: Decomoosition
1. Comoost orivy
Composting -- the decomposition of animal and human waste to
provide fertilizer -- kas long been practiced in many parts of the world.
The principles of composting have recently been ao:lied to systems
at the household scale. The compost privy consists of a tight concrete,
plastic, or fiberglass tank with an air intake and a vent for gases.
The toilet is directly above the tank as is a garbage intake chute.
Human waste and household refuse decomoose in the tank into fertilized
humus. The volume of the humus is about 10, of the original waste.
It is removed from an acess door at the lowest point of the tank.
(Before use a layer of straw or leaves should be placed in the bottom
of the tank to absorb liquid and aid in deconmposition)
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No water, fuel, or chemicals are used in this process and fertilizer
is produced. The initial cost of the Swedish systems is high, however
this could be largely offset by the use of self-help as the system is
simple and contains no moving parts. Operating expenses are minimal.
EXAMPLES: 'CLIVUS' (Sweden)(.!67-il875); 'CLIVUS MULTRUMt' (USA)(41200);
Variations of the compost privy have been developed in Sweden,
using electric coils or hot air to heat the decomposition chamber and
speed up the process. Because the process is faster the tank, and
therefore the system, can be much smaller. Cost is higher than for
92)
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the standard compost privy due to the use of electricity -- an
average of "'.24 .per day for the hot air system and '.06 per day for
the heating coil system.
EXAMPLES: 'SAITSRM' (Sweden)(- 742) - hot air
' MULLBANK' ( Sweden)(9308) - heating coils
2. Continuous Aeration
This system combines the principle of aerobic decomposition with
the operation of a flush toilet. The waste is carried into a tank
where it is continuously aerated by the use of an air pump. The aerated
liquid is re-used for flushing for a perbod of a year before replacement.
Gases are vented to the outside. Solids build up at the bottom of the
tank and must be removed at infrequent intervals (or the tank or
barrel may be replaced). Household wash water may be used to supplement
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This system is still in experimental stages and cost is therefore
not as low as might eventually be achieved. Water use is low, no
chemicals are used, however power is required for operation of the
air pump.
RYAtT.Ti 'RCOT. Saritarv Unit' (Canada)(3175).
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3. Algae Digester
An experimental system for handling waste disposal and producing
methane gas (which can be used for cooking) and fertilizer is being
developed in England. It consists of three inter-connected tanks:
1) a primary digester which receives all human and organic wastes
and produces a gas suitable for burning; (2) an algae tank which
receives the displaced liquid effluent from the primary digester.
pathogensee destroyed by ultra-Viblet rays and algae feed with the
bacteria to metabolize organic matter, at the same time the organic
matter is gaining an organic loading through photosynthesis, forming
carbohydrats, (3) an algae digester in which product of the algae
tank is broken down by algae to produce methane gas for cooking and
fertilizer.
sun ultraviolet
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waste garbage g s g s
of waste
primary digester algae tank algae digester f use
as
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This system too is not sufficiently developed to have a clear idea
of its ultimate :oZrs. However it represents an economic use of
resources and its development should be encouraged.
EXAMPLE: 'IECO-HOUSE' ( England)
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4. Household Waste Treatment Plant
The individual household waste treatment plant is a system which has been
developed for use in North America. It is essentially a household version of
the conventional sewage treatment plant. In the first tank there is a two-step
aeration of the raw sewage to destroy pathogenic bacteria by aerobic action. The
air-activated micro-organisms are part of the 'activated sludge'; the remainder
settles in a settling tank. The purified effluent flows out of the systems via a
compact filter bed.
It is estimated that the system can handle waste from up to eight people
and that excess sludge will have to be removed every four to eight years. The
water out-put can be disposed into water or soil with no danger of pollution.
It is not suitable for consumption but could be re-used for toilet flushing.
This system has high initial and operating costs. It is nost often used where
pipe networks are not economic and where septic tanks cannot be used because of
soil conditions.
EXAMPLE: 'AQUAROBIC' (Canada)($1700-$2000 - includes installation)
'CROMAGLASS C-5' (USA)
Table 5 evaluates and compares the systems described, based on the charac-
teristics which were earlier determined as important to the needs of squatter
settlements. From this range of alternative technologies it should be increasingly
possible for communities and nations to select a system appropriate to their
resources. The use of such systems will allow presently unserviced households
to receive water and sanitary services critical to their health, advancement, and
full contribution to the society and economy of which they are a part.
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ANALYSIS
Table 5 evaluates the characteristics of the alternative technologies
just described from the perspective of the needs of squatter communities. The
contents of the table are summarized below.
Physical Characteristics
All the non-network waste disposal systems have the necessary physical
characteristics to be installed in squatter areas: flexibility, capacity for
incremental expansion, and ability to operate at a small scale. The pit
latrine and on-site destruction systems have the additional advantage of being
entirely self-sufficient. The other require at least a minimal road network
for regular removal of wastes. The water-borne and vacuum network systems
have all the disadvantages previously discussed - in particular, rigid pipelines
and centralized, large-scale characterisitics.
Cost
In evaluating the cost of the waste disposal systems it is important to keep
in mind the difficulty of accurately assessing cost, as discussed earlier:
problems of comparing new and established systems; absence of social cost
considerations, etc. The pit latrine and bucket system are the only systems
with a truly low capital cost. All the others are presently out of reach of
most squatter households; however there is reason to think that the cost of
those which do not require imported parts (the aqua privy, septic tank, and compost
privy) could be lowered if use were to become more widespread and local labor
used for installation. The capital.costs of the water-borne and vacuum network
systems are very high and since the systems operate most effectively at the
community or larger scale this high cost also involves a substantial capital
investment for the municipality or community. The capital cost of the remaining
systems (packing, freezing, chemical and incinerating toilets) is relatively
high, but since the systems operate at the household level the investment decision
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may be made by the individual use without commiting the entire community to
a large capital expenditure.
Operating costs are minimal for the infiltration systems, and for those
network systems which do not require the use of chemicals or substantial
power. The decomposition systems have not been sufficiently used to accurately
judge what average operating costs might be expected.
Socio-cultural characteristics
It is particularly difficult to judge the socio-cultural fit of a
system, since a technology which is appropriate to one society may be entirely
inappropriate to another. The pit latrine and bucket are judged to be culturally
compatible in the sense that these systems are presently in use in most
countries. In the dense urban environment odor and contamination of the soil
resulting from the three infiltration systems and bucket system can be expected
to create a nuisance. The chemicals of the chemical toilet also present a
nuisance problem. All the non-network systems are organizationally compatible
with installation and operation at the community scale. The network systems
demand a higher level of organization and administration.
Environmental factors
With the exception of the network systems, all systems described are
resource conserving to varying degrees. The non-network removal systems and
on-site destruction systems operate without consuming water; the infiltration,
bucket; vault, chemical toilet, fluid toilet, compost privy and algae digester
operate without power. Of the non-network systems, the infiltration systems,
bucket system and compost privy are (or can be adapted to be) labor intensive.
Components of the water-borne and vacuum network systems, such as the laying
of pipes, can become labor intensive.
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The effect of the system on the ecological balance depends on the environment
in which it is used. A number of the systems (infiltration systems, bucket
system) which do not work well in dense urban areas, are well suited to lower
densities where the effluent may discharge without polluting the surrounding
are, or in the case of the bucket system where human waste may be carried
directly to the fields as fertilizer. The chemicals of the chemical toilet,
on the other hand, are potentially damaging to the environment no matter what
the density.
The pitlatrine and bucket system are the systems least conducive to a
healthy environment. Although each system can be operated so as not to endanger
health and spread disease it is more difficult in the density of squatter areas
to achieve this level of sanitation with these systems than the others. As
mentioned above the chemical toilet presents a different, but equally important
set of health hazards.
Technical Complexity
The only systems which employ only indigenous technology are the pit
latrine and bucket systems which are those most commonly used in rural areas.
However other systems are relatively compatible with the indigenous technology,
particularly those systems which do not require power, chemicals, or high
capital costs (for example, the aqua privy, septic tank and compost privy).
The non-network systems discussed all require only minimal maintenance,
with the exception of the algae digester and household treatment plant which have
been used too little to estimate the average maintenance requirements. Vacuum
and water-borne networks have varying maintenance needs, depending on the quality
of construction. Unfortunately that maintenance which is necessary is frequently
too complex to be handled by local labor, or is dependent on imported (and often
unavailable) parts.
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The only system discussed which itself recycles the wastewater for re-use
is the recirculating fluid toilet. -However, most of the systems (with the
exception of the water-borne network system), by removing human feces from
the household wastewater, make recycling this remaining wastewater less complex
and less costly and therefore more feasible.
The applicability of self-help to these systems is problematic. In some
cases the technology of the system is presently suited to self-help (e.g. the
pit latrine, aqua privy, septic tank, and compost privy), in others while the
unit itself is industrially manufactured, because it is designed for installation
by an individual household, the solution to the waste disposal problem becomes
self-help. Other systems (notably the water-borne and vacuum networks) resist
self-help because of the scale at which they are most efficiently operated.
Summary
Of the systems discussed the compost privy seems to most closely meet the
specifications described. It requires no input (power, water, pipe or road
network). It is physically flexible, incrementally expandable, and operates
self-sufficiently at a small scale. The capital costs are currently too high
for widespread use in low income areas ($600-$800), however the system is simple
and contains no moving parts and would appear to lend itself to self-help, dropping
the cost. (For example, substitution of concrete for the present fiber-glass or
plastic tank would substantially reduce costs.) Operating costs are minimal.
The system would appear to be socially and culturally compatible with most
societies. It is resource conserving and ecologically sound -- using no water or
power and producing a small volume of decomposed material useful as fertilizer.
It poses no danger to health. While the technology is not indigenous, of the
imported systems described it is among the least "jarring". The maintenance is
minimal and can be carried out by the user. Although not recycling itself, the
system allows other household wastewater to be more simply treated for re-use.
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CHAPTER 6: SUMMARY, CONCLUSIONS, AND IMPLEMENTATION ISSUES
This thesis has asked how the living conditions of squatter households
presently living in totally unserviced areas, unaffected by government programs
and services, can be improved; how governments can better allocate their limited
resources to meet the needs of as many squatter households as possible; and how
the individual households and communities can act to improve their own
conditions. The reluctant assumption was made that present national and
international priorities will continue -- that the resources allocated to this
sector will continue to be minimal. It was further assumed that new squatter
areas will continue to form. In this context of government default and deter-
iorating conditions the development of low-cost, intermediate technology and
greater use of self-help in the provision of water and waste disposal services
is proposed.
The provision of these services has in the past been assumed to be a
public responsibility. However, the government has failed at a massive scale
to provide adequate service for urban residents. Policies have shown a
systematic bias against the millions of inhabitants of spontaneously settled
squatter areas.
The limited resources directed toward improving squatter conditions in the
*past have been nearly exclusively for the construction of housing. Government
policies do not encourage squatters to develop their own water and sanitary
systems. Policies such as refusal to grant tenure of land, and threats and
policies of eviction severely impede individual initiative and any inclination
to invest personal energy and scarce resources in upgradning the residential
environment, beyond the individual shelter.
The complexity of conventional water/waste technology has defied the
attempts of individual households and communities to provide service for
themselves. Although squatters have successfully provided a number of other
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community services and facilities using self-help, successful efforts to
install water and waste disposal systems have been infrequent& It is clear
that successful community initiated systems will continue to be rare until the
monopoly and constraints of conventional technology are cast off and more
flexible, intetmediate technologies are available for the provision of water
and sanitary service.
The combination of government default and community inaction results in
a void in which no action is being taken to meet the water and waste disposal
needs of sqautter communities. In most squatter areas there is not provision
of piped water to residences. Water is available from tank trucks, public
standpipes, or vendors; but tremendous amounts of time and energy are diverted
from other productive activity to carry this water. The limited amount which can
be carried is used for drinking and cooking, leaving little for personal and
household hygiene -- increasing the probability of disease and the problems of
waste disposal. In many cities the municipal water system operates erratically,
with water available only intermittently. Piped water is often polluted as a
result of seepage from surrounding soil into the pipe system. Water supplied
from wells is also unreliable as the density of population increases and the
groundwater becomes polluted by untreated human wastes.
In most squatter areas waste disposal techniques are primitive or non-existent.
Human wastes are collected in pit latrines, cess pools, or septic tanks. None
of these techniques are appropriate to the dense conditions of most squatter
settlements. The difficult topography and density of these areas has led to severe
problems of contamination of the soil, water supply, and general living environ-
ment.
The conventional technology for water/waste systems in developing countries
is directly imported from the developed nations. It is centralized, capital
intensive, and technologically complex. It is usually installed by foreign, or
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foreign-trained consultants, engineers, and administrators who have been
trained to view this technology as the only acceptable means of servicing
residential areas. Such an approach simply ignores the clear differences
between the resources and needs of developing and developed countries. It
does not question the order of magnitude, the basic level of needed investment
the inherent diseconomies of conventional systems, or their inapplicability
to the reality of the rapidly expanding cities of developing countries. The
conventional technology automatically precludes decentralized efforts by low
income households and communities to provide for themselves.
The rapid urbanization of developing countries has resulted in demand which
far outdistances the government's resources and capability to provide service.
The provision of sewage treatment plants lags far behind the provision of sewage
collection systems, which in turn lags far behind the provision of water service,
which finally lags far behind household formation.
. The minimum estimate of the per capita cost of water and sewer services
using conventional technology is US $200. Equivalent costs in Europe run as high
as $600 per capita. In Tanzania US $8 per capita has been allocated for these
services. There is a clear mismatch between the needs of the squatters, the
available resources, and the conventional technology.
The complexity of the conventional technology, the diseconomies apparent
in its application to squatter areas, and thus the appalling record of government
default in providing service make clear the need for alternative means by which
households and communities may provide their own water and waste disposal service
if necessary. The development of intermediate technology systems to fill the
gap between traditional and modern systems is essential if presently deteriorating
urban conditions are to improve.
There is clearly need for a range of alternative low-cost systems able to
provide water and sanitary service to squatter settlements. The following charac-
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teristics were identified as important to the success of such a system:
(1) Physical characteristics: flexibility, capacity to expand incrementally,
capacity to operate at a household or community scale, self-sufficiency;
(2) Cost: low capital and operating costs;
(3) Socio-cultural characteristics: compatibility with local cultural and
religious practices, absence of odor or other side effects, compatibility
with existing level of community organization;
(4) Environmental factors: use of renewable resources, maintenance of the ecological
balance, maintenance of healthy environment;
(5) Technical complexity: use of indigenous methods, minimal servicing and
maintenance requirements, suitability of self-help.
Conclusions and Recommendations
Activity, whether government or community initiated, aimed at improving
conditions in squatter areas should focus on the provision of water and waste
disposal services.
Alternative water/waste technologies must be developed if these areas are
ever to receive service. Research in this area should focus on the development
of technology of "intermediate" complexity, small or intermediate scale, which
fully utilizes local labor and natural resources.
Recognizing that considerable potential already exists for alternative
means of water service -- either in the form of incremental change of the existing
systems, or in new organizational patterns for the existing technology -- and
that the greatest problems in the operation of an adequate water supply is
inadequate waste disposal, it is recommended that activity be focused on the
development of alternative waste disposal systems.
It is further recommended that this activity particularly consider the
development of non-network, non-water-borne disposal systems for human waste
such as the compost privy described in Chapter 5. The use of such a system
in conjunction with a system for recycling the remaining household wastewater
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would have the following benefits:
(1) It would eliminate the need for and cost of sewer pipe networks;
(2) It would result in total household water consumption of roughly
half what a household using a water-borne waste system would consume
(3) The final waste product could be used as fertilizer, with beneficial
rather than harmful effects on the environment; -
(4) The removal of human feces from the household wastewater system would
allow the remaining wastewater to be more easily and cheapily recycled
for household re-use;
(5) Recycling at the household (or community) level would prevent the mixing
of domestic with industrial wastewater and again result in cheaper and
simpler treatment of the wastewater.
(6) Re-use at the household or community level provides a convenient source
of water, eliminating the need for a water distribution pipe network
(7) Such a system can be installed largely by the household or community with
minimal capital costs; it can be developed incrementally as need grows
and resources become available; and it avoids dependence on outside
authorities.
An example of this type of system is depicted in Figure 7.
A system such as the one just described is only one possible technology
from a range of alternatives. If, the present conditions in squatter settlements
are to be improved, if the levels of death and disease are to be reduced, and
if the residents are to be able to contribute positively to society and the economy
this greater flexibility of technology choice is essential.
Implementation Issues
The argument for alternate technologies for servicing squatter communities
can be directed at four groups. Although the esserce of the message to be
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FIGURE 7: AN ALTERNATIVE HOUSEHOLD WATER/WASTE SYSTEM
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conveyed to each group is the same, the strategy involved in conveying it and
the chances of success vary considerably.
(1) Residents of squatter areas
The thesis is ultimately directed to this audience, however without changes
in the perceptions and policies of national and international government and
research bodies the situation at the community level will (to change. Although
suggestions for community action and organization using self-help techniques are
informative these possibilities are not new -- such action is presently underway
in scattered communities around the world. These activities will continue to be
possible but rare until change occurs in one of the following areas:
(a) Change in the community's perception of its own power and ability to
effect change. At present provision of water and waste disposal services is
viewed as an arena of government initiative and action. As decentralized solutions
and community initiated action become more feasible and hence more accepted, they
will become more frequent and vice versa. It is a problem of changing the
conventional way of viewing the need and the range of solutions.
(b) Change in attitude of national and international bodies. As governments
at various levels become more willing to acknowledge the existence and potential
of squatter areas, the supportive environment necessary for community initiated
infrastructure activity will develop.
(c) Change in the available and acceptable technology. As decentralized
solutions to infrastructure needs become more common and traditional technology
is better adapted to urban use, technology appropriate at the community scale
will become cheaper and more generally available. This will in turn make
decentralized, community initiated solutions more frequent.
Changes in each of these areas will be gradual, resulting from changes
initiated by the other audiences described below. Until such changes occur
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self-help activity in the area of infra-structure will continue to be the
occasionally successful phenomenon it is at the present. The squatters do not
need to be convinced of the for change; however the status quo must change
sufficiently for them to believe that change is possible.
(2) The municipal and national governments of developing countries.
With few exceptions governments have failed to meet the needs of squatters
for water and waste services. This situation of government default, whether
based on lack of interest and commitment or lack of resources, is unlikely to
change unless the context in which government decisions are made changes
substantially. In many developing countries it is directly contrary to the
self-interest of the government to recognize the existence of the squatters and
improve their conditions, since this implies redistribution of resources from
those in power to the squatters.
Substantial changes which might make governments more inclined to service
squatter areas include:
(a) Recognition that continued growth of areas of spontaneous settlement
is inevitable; this may force governments to acknowledge problems they have to
date been able to ignore. This may be either because the environmental impact
of the settlements becomes intolerable, or the political pressure from the
increasing population of these areas forces recognition of their needs.
Governments will eventually reach a point where it is in their self-interest
to improve conditions in these areas.
(b) Recognition that the perpetuation of inhuman conditions in squatter
areas has not and probably will not stem migration to the urban areas.
(c) In the case of governments ideologically inclined to improve
conditions but lacking sufficient resources to install conventional systems,
the development and acceptance of intermediate technology and labor intensive
systems for water/waste services will allow action where in the past it has been
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considered impossible.
(3) International and Multi-National Bodies
One of the most effective pressures for change is that tied to funding
from international and multi-national sources (such as USAID, the World Bank,
the United Nations, the various continental development banks, and bilateral
sources) to increase allocations to meet the needs of squatter areas and/or to
develop innovative solutions to the problems of lack of service in these areas.
It is hard to know where these groups stand at present. A cynical view
says that they merely support conventional government default policies, despite
rhetoric to the contrary. However, this audience can and must re-address the
problem of water and waste disposal services for the millions of urban
households presently living without these essential services. These groups can
encourage policy change in developing countries in two ways: first, by changing
the guidelines and conditions attached to funding, and second by supporting
research and development activities, disseminating information stemming from
this research and successful applications of techniques and tehcnologies, and
assisting the development of better communications networks.
(4) Research Institutions
The research groups and institutions of developed countries have a double
role to play in developing alternative means of infrastructure provision. First,
many have the research capacity to develop the technology required for the
decentralized provision of water and waste services at a cost at which it can
be implemented. Unfortunately, at present this research is unlikely to occur in
private industry since it is commercially unsound -- there is insufficient paying
demand to justify attention to the design and low-cost mass production of com-
ponents for decentralized water and waste disposal systems. In addition, the
academic research community does not perceive the problem as important or
substantive. The intellectual problems are viewed as solved; those which remain
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are simply problems of application. Thus there is limited peer recognition
for research work in this area.
This situation may change as demand for decentralized technology by upper
and middle income communities in developed countries increases in response to
mounting pressures on overburdened resources and municipal systems. A large,
guaranteed overseas market might also heighten the interest in developing
decentralized systems for use in developing countries. Such a guarantee might
be made by international or multi-national funding agencies but raises issues
of political and economic imperialism and market dependence which need serious
consideration.
The second area in which research groups and universities can play a role
is the training of engineers and technicians.2 By designing the curriculum in
these areas to be more flexible and imaginative and by confronting the problems
of technology applicability in developing countries, universities can enable
their graduates to operate more effectively in applying a range of possible
solutions, all deemed 'professionaly respectable', to the complex problems of
water supply and waste disposal in developing countries. This is particularly
important in the case of students from developing countries who have come to
the universities of developed countries for their training but will return home
to work -- often in influential and policy making positions.
Changes in the attitudes and policies of these last three groups will have
substantial impact on the ability of the squatters to improve their living
conditions. The availability (and acceptance) of alternate water/waste systems
will make it possible to provide service in areas which have previously been
entirely unserviced or inadequately serviced.
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FOOTNOTES
CHAPTER 1
1. The definition of what constitutes "inadequate" service naturally varies
from country to country. However, it is reasonable to assume, at a minimum
that service is inadequate when the consumer is being provided with unsafe
water and lacks a sufficient quantity of water to meet minimal personal
needs and when the system of disposal of human wastes (or lack of such a
system) results in contamination of the water supply and residential
environment, causing disease and death.
2. Dieterich, B.H., and J.M. Henderson; Urban Water Supply Conditions and
Needs in 75 Developing Countries, 1963, p. 37.
3. The dictionary definition of a squatter is one who settles on land without
title or right. Usually the claim is less a legal right than a moralized
one; the moral basis of which is the fact of possession. In this thesis
the term squatter is used to describe a resident of the areas of spontaneous
settlement which have sprung up around the cities of developing countries --
whether the settlement is legal or illegal. The population of squatter
settlements constitutes 30% to 50% of the population of most major cities
in the developing nations. Their origins and characteristics have been
extensively studied and described in the last fifteen years. John Turner's
"Uncontrolled Urban Settlement: Problems and Policies" (1966) and Charles
Abram's "Squatter Settlements: The Problem and the Opportunity" (1966)
are recommended as background on this subject.
The English term for these settlements and their residents -- squatter --
has an unfortunately perjorative ring. In recent years some authors have
attempted to use less judgemental words - either conventional words such
as."shanty-towns" (Laquian) or original terms such as "squatments" (Leeds),
or to use longer descriptive phrases such as "areas of spontaneous settlement.
It is my judgement that it is the lesser of two evils to continue to use the
word "squatter" with the caveat that it is intended non-perjoratively than to
struggle with unfamiliar and cumbersome words and phrases.
The multitude of terms for these settlements in other languages is testimony
to their universality: bustees (India), favelas (Brazil), ranchos (Venezuela)
gecekondu (Turkey), barrios, barriadas (Peru, Colombia), villas jovenes (Peru),
bidonvilles (Morroco).
4. Dieterich and Henderson, p. 13.
5. See, for example, United Nations Report on the Research and Development
Activities of the Centre for Housing, Building, and Planning(1971) or the
Report of the Secretary General to the 25th Session of the General Assembly
contained in Problems and Priorities of Human Settlements (UN Document A/8037)
(1971).
6. For example, Frank Andrews and George Phillips, "The Squatters of Lima: Who
They are and What They Want" based on surveys of residents of Lima barriadas
conducted in 1967.
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7. Lecture by John F.C. Turner at MIT during the fall of 1973, based on
recent field investigations in Tanzania.
8. United Nations, Report of the Committee on Housing, Building, and Planning,
October 1971, Supplement #4.
9. Richard Bender, "Incremental Infrastructure", paper delivered to
MIT/AID jointly sponsored conference on Technology Transfer, April 1973
page 4.
10. William Mangin, "Latin American Squatter Settlements: A.Problem and a
Solution", Latin American Research Review, Summer 1967.
11. For example, Anthony and Elizabeth Leeds, "Brazil and the Myth of Urban
Rurality", in Arthur Field's City and Country in the Third World (1970)
12. Janice Perlnan, The Fate of Migrants in Rio's Favelas: The Myth of Marginality,
13. William Mangin, "The Role of Organization in Improving the Environment",
in Environmental Determinants of Community Well-Being, Pan American Health
Organization (1965).
14. United Nations, Report of the INterregional Seminar on the Improvement of
Slums and Uncontrolled Settlements, Medellin, Colombia, 1971.
15. Uno Winblad, "Evaluation of Waste Disposal Systems for Urban Low Income
Communities in Africa", Report of Scan Plan, Copenhagen, Denmark, 1972, p. 4.
16. Examples of work in this area include: Turner, "Housing Priorities, Settlement
Patterns and Urban Development in Modernizing Countries", Journal of the American
Institute of Planners, November 1968; "Uncontrolled Urban Settlements:
Problems and Policies", prepared for the United Nations Seminar on Development
Policies, Fall 1966; William Mangin, "Squatter Settlements", Scientific American,
October 1967; "Latin American Squatter Settlements: A Problem and A Solution",
Latin American Research Review, Summer 1967; and Mangin and Turner, "The
Barriada Movement", Progressive Architecture, May 1968.
17. John Turner, "Housing Priorities, Settlement Patterns, and Urban Development
in Modernizing Countries," Journal of the American Institute of Planners,
November, 1968, p. 358. Turner's consolidators are families who have
obtained a relatively firm foothold but are in danger of losing it unless
they can consolidate their newly achieved socioeconomic status in the urban
system.
18. Perlman, op. cit.
19. Turner, "Housing Priorities, Settlement Patterns, and Urban Development in
Modernizing Countries", op.cit. Turner defines bridgeheaders as households
of very low income, seeking to gain a toehold in the urban system and reach
the status of consolidators.
20. For example see the report of the 1971 Medellin Conference (United Nations,
Report of the Interregional Seminar on the Improvement of Slums and Uncontrolled
Settlements, op.cit.).
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21. van Huyck, A.P., and K.S. Rosser, "An Environmental Approach to Low
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23. United Nations, Report of the Interregional Seminar on the Improvement of
Slums and Uncontrolled Settlement, op. cit. pp 71-78.
24. For examnle, see William Grindley and Robert Merrill, "Site and Services:
The Experience and the Potential", for the ECAFE Seminar on Financing of
Housing and Urban Development (1972).
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CHAPTER 3
1. Lecture by Janice Perlman at MIT, March 1974.
2. Terner, "Self-Help Infrastructure", op. cit.
2a. Self-help can be broadly defined to include any activity which depends
largely on the input of initiative, labor, and other resources of those
who directly benefit from the results of the activity. Most self-help
projects are small-scale and decentralized; they may range from the scale
of an individual household to an entire community. Self-helo components
may be included in projects initiated by central authorities and/or involving
substantial outside assistance, equipment, organization, or capital.
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Most traditional systems for housing and residential support systems in
rural and pre-industrial societies were self-help to the extent that
the units were constructed by their occupants with the assistance of
friends, relatives, and other members of a small community. With the
advent of modern, industrialized, urban society complex organizational
and technological systems beyond the control of individual households and
communities have developed. Even within this complex society, households
have continued to piece together their own housing, using materials and
labor at hand in an informal, self-help technology.
3. D. J. Dwyer, "Urban Squatters: The Relevance of the Hong Kong Experience",
Asian Survey, Vol. 10, pp. 607-613, 1970.
4. Lecture by I.D. Terner, MIT, Cambridge, Mass. Fall 1973.
5. I.D. Terner, op. cit.,
6. Anthony Leeds, "Water Networks: Their Technology and Sociology in Rio's
Favelas", mimeo, late 1960's.
7. Letter from Shoukry Roweis to I.D. Terner, Summer 1974.
8. Byung-ho Oh, op. cit.
9. Van Huyck, A.P., and K.C. Rosser, "An Environmental Approach to Low Income
Housing", Ekistics, June 1967; Marshall Clinard, Slums and Community Development:
Experiments in Self-Help (New York, 1966); Calcutta Metorpolitan Planning
Organization, Bustee Improvement Programme (1964, revised 1967).
10. Floyd Taylor and Paul Hughes, "Water Systems Financing: Four Basic Approaches"
in Water for Peace (op. cit.) Volume 8, p. 758.
11. Film presented by I.D. Terner, MIT, Fall 1973.
CHAPTER 4
1. Winblad, op. cit., p. 9. (quoting C.R. Lindstrom, Undersokning av
driftsforhallanden hos formultningsanlaggning for organiskt hushallsavfall
Stockholm, 1969).
2. Winblad, op. cit., p. 9.
3. Winblad, op. cit., p. 3.
4. Winblad, op. cit., p. 9.
5. The "Prisoners' Dilemma is a classic social dilemma which posits two criminal
.suspects apprehended by the police and interrogated separately. The police
know they do not have sufficient evidence to hold the suspects unless the
suspects confess or can be induced to implicate each other. To provide that
inducement, the police threaten severe sentences if the suspects do not
cooperate, but are convicted anyway; and leniency to each suspect if he
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implicates the other. Hypothetical sentences are arrayed in the following
matrix:
SUSPECT A
SUSPECT B
Clearly if both prisoners are disciplined not to talk, their collective
interestis best served: they both go free. If only one implicates the
other, the implicator may go free, and his partner would sugfer the harsher
10 year sentence for not cooperating. If the discipline completely breaks
down (as it most often does) both prisoners receive the more lenient 7 year
sentence but their collective interest is least served, since their sentences
total 14 years, compared with 10 years or zero for the other options.
The paradigm exemplifies the necessity for disciplined cooperative action
if the common good is to be best served. For example, in a collective
self-help project, if the efforts and commitment of other participants are
in any way doubted, the tendency is to ask "Why should I be punished more
severely and all alone, when I'll probably be implicated by the other fellow
anyway?"
6. Mangin, discussing comparative water costs in the Lima barriadas in his
"Report on Barrios Suburbanos of Guayquil" (1969) refers to calculations
made by John Donahue.
7- Fair, Geyer, Okun, Water and Wastewater Engineering, Volumes 1 and 2,
1966.
8. Grava, Sigurd, Urban Planning Aspects of Water Pollution, (New YOrk and
Londgn: Columbia University Press) 1969.
9- Goethert, Reinhard, "Urban Residential Infrastructure Networks, unpublished
M. Arch thesis, Department of Architecture, MIT, 1970.
10. -Byung-ho Oh, op. cit.
11. Richard Weinstein, "Water Recycling for Domestic Use", Astronautics and
Aeronautics, Vol 10, No. 3, March 1972.
12. Paper delivered at MIT/AID sponsored conference on Technology Transfer,
April 1974.
cooperate not cooperate
A: 7 years A: 10 years
B: 7 years B: 0
not A: 0 A: 0
cooperate B: 10 years B: 0
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1. Winblad, op. cit., p. 11.
2. C. Conrad Manley, "No Water Too Foul for Swiss Filter Device", The Christian
Science Monitor, April 3, 1974.
3. E.G. Wagner and J.N. Lanoix, Excreta Disposal for Rural Areas and Small
Communities (WHO, Geneva, 1958).
4. Grava, Sigurd, Urban Planning Aspects of Water Pollution Control, New York
and London, 1969.
5. McGill University Minimum Cost Housing Group, Stop the 5 Gallon Flush,
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6. The descriptions of waste disposals on the following pages are taken
primarily from the work of Winblad and the McGill group.
CHAPTER 6
1. Conversation with Professor J. Ruina, Electrical Engineering Department,
MIT, June 1974.
2. U.S. Department of Health Education and Welfare, Public Health Service,
Bureau of Water Hygiene; Guidelines and Criteria for Community Water Supplies
in the Developing Countries, Rockville, Maryland; 1969; p. 6.
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APPENDIX A
DESCRIPTION OF CONVENTIONAL WATER SUPPLY AND WASTE DISPOSAL SYSTEMS
A. Water Supply Systems
The process of providing households with water for domestic use can be
divided into four major stages: (1) collection, (2) transmission, (3) treatment,
and (4) distribution. These stages are diagrammed in figure 2 and described
in the section below.1
Collection: Water may be collected from a variety of sources depending
on the climate, topography, and population density. Cities have traditionally
tapped into the groundwater supply or drawn water from nearby rivers and lakes.
However as these sources have become depleted and polluted and as demand has
risen municipalities have been forced to go farther afield in search of water
and to consider more seriously the possibilities of re-use of wastewater.
Transmission: The transmission of water from its point of collection to
the municipal treatment plant becomes increasingly expensive as sources farther
from the city are tapped. Transmission lines are generally pipes over 24" in
2
diameter or large covered channels. (New York City, for example, uses 180"
and 204" pipes.) Where possible, gravity flow systems are used, eliminating
the cost of pumping stations. This often requires higher construction costs,
but allows lower operating costs over the life of the system.
Treatment: The raw water is processed through a filtration plant,
emerging suitable for human consumption. The standard steps in this process
are:
1) aeration -- Iron in the water is oxidized, carbon dioxide and other
gasses are removed and oxygen is added to the water.
2) sedimentation -- Heavy suspended solids are settled out of the water in
settling tanks; the process is sometimes speeded by the addition of
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chemicals to cause suspended particles to floculate and settle to the
bottom.
3) filtration -- The remaining solid particles are filtered from the
water.
4) disinfection -- Bacteria-killing chemicals, most frequently chlorine,
are added to the water to prevent the spread of water-borne diseases.
Distribution: Water is most often distributed to the use by a grid system
-- a hierarchical network of pipes of different sizes. The main components of
this grid are distribution mains and distribution lines. A main is generally
considered to be any pipe over 12" and supplies distribution lines. A distri-
bution line is generally 6" (although 2", 4" and 8" pipes are also standard)
and supplies water to house lines and standpipes. Both types of pipes are
usually made of cast or spun iron, although polyvinyl chloride (pvc) and
reinforced concrete are increasingly used. Pressure averages 40 psi in both
mains and lines; distribution lines generally can carry a maximum of 60 psi,
while mains are designed to carry pressure up to 130 psi.3
Service lines carry water from the distribution lines to supply individual
dwellings. They are generally from 3/4" to 1 1/2" with a minimum pressure of
8 psi.4 Copper is the piping mnost common, although lead, steel, and pvc are
also used. Standpipes carry water from the distribution lines to a public,
usually outdoor, faucet. The pipe size is determined entirely by the antici-
pated wse.
The cost of the distribution network is estimated to be from 2/3 to 3/4
of the entire construction cost of a typical municipal water system.5
B. Use
As discussed in Chapter 4, the level of water-consumption varies considerably.
This is true not only of individual households but also of entire communities
and cities. The quantity of water consumed depends on a number of factors,
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including:
1) the size of the community;
2) the climate - both temperature and rainfall variations can be important
factors in water use;
3) the pressure of the system - the greater the pressure the greater the
leakage;
4) the quality of the water - greater use with greater confidence;
5) rise in the standard of living;
6) cost of water - slight variations in use with increased cost;
7) rate of population growth;
8) presence of sewer system - increases water usage by 50-100%.
The domestic consumption of water in the 100 largest cities in the United States
was studied in 1962 and indicated the following percentage use of domestic water:6
flushing toilets 41%
washing and bathing 37%
kitchen use 6%
drinking 5%
washing clothes 4%
household cleaning 3%
garden water 3%
car washing 1%
A standard rule of thumb states that when per capita consumption of water
rises above 30 litres per day the installation of a sewage system becomes
necessary. A water system including flush toilets invariably results in per
capita consumption over 30 litres and thus the cost of such a system is increased
7
by the cost of the sewer system.
The 41% drop in water consumption which could be achieved by installing
waste disposal systems not dependent on water is significant. This represents
tremendous potential savings of water, an increasingly scarce resource and
substantial reduction in the amount of wastewater to be treated. Although the
consumption percentages cited are based on consumption in the United States
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the percentage breakdown is similar to use patterns in urban communities in
developing countries serviced by conventional water and sewer systems.
C. Waste Disposal Systems8
Sanitary sewage handled by conventional waste disposal systems is primarily
water containing less than 0.5% waste matter.9 Consequently it is necessary to
treat a large volume of water to treat a small volume of waste. This waste
10
material can be classified into five groups:
-floating debris and large pieces of material easily removed by screening;
-suspended inorganic matter such as sand and grit, readily removed by
settling action;
-dissolved inorganic materials such as salts and chemicals which may pass
through the standard biochemcial processes largely unchanged and can
seriously damage water quality and upset the ecological balance of the
receiving bodies of water;
-suspended or dissolved organic matter;
-bacteria and other disease carrying micro-organisms, potentially the most
dangerous components of sewage and representing the original reason for
urban sanitation control, but easily removed through disinfection.
The volume of sewage is generally 70-90% of the water distributed by the
water system. The remainder being lost through leakage or evaporation. Most
sewage systems are planned to handle 100% of the water system's capacity to
allow for illegal hook-ups, infiltration of groundwater, and wastewater from
households drawing their water supply from wells.
Rapid urbanization in developing countries has resulted in untreated or
partially treated sewage being discharged directly into rivers or other
receiving bodies of water. The provison of sewage treatment plants lags far
behind the provision of sewage collection -systems, which in turn lags behind the
provision of water supply systems, which lags behind demand.
Most municipal systems combine industrial and domestic wastes in the same
collection system, necessitating the treatment of all wastewater for the removal
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of industrial waste -- a substantial expense. It is anticipated that in the
future many municipalities will provide separate treatment facilities or will
require that industrial wastes be treated at the point of discharge to render
them harmless before allowing discharge into the sewer system.12
The conventional sewage system consists of three major stages which are
described below (see also figure 3 on page 57): collection, treatment and
disposal.
(1) Collection
The collection system is a pipe network which collects the used water and
conveys it to the treatment plant or point of discharge. This network consists
of pipe sections between manholes (for inspection and cleaning) within which
the wastewater flows, if possible, by gravity.
Recent developments in the manufacture and use of existing and synthetic
materials have had an impact on wastewater collection systems, for example, the
use of plastics and asbestos cement for the construction of sewer pipes, the
use of protective coating and epoxy linings, the use of joint materials such as
polyvinyl chloride, and some of the recently developed synthetic rubber gasket
materials. While this may improve the efficiency of the system, lengthen its
useful like and allow greater flexibility of the construction materials, the
cost of the network has not been, and is not likely to be, lowered appreciably.
It is estimated that the collection network represents about 3/4 of all the
construction expenses of a sewerage system -- about $200 per capita.13 A
commonly used rule of thumb estimates five miles of sewer per 1,000 residents in
a small community, three miles per 1,000 residents in larger cities.14
(2) Treatment
The purpose of the treatment process is to remove varying percentages of the
waste materials in the water before disposal or re-use. The treatment is normally
divided into several stages: primary, secondary, and tertiary. The treatment process
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is actually a chain of processes, each with the specific purpose of removing a
particular pollutant, producing a progressively cleaner effluent, The design of
the treatment plant consists of the selection of a chain of processes which will
best handle the particular composition of waste produced by the community and
emit the required quality of effluent. A detailed understanding of these
processes requires a high level of technical training, However the general
characteristics and purpose of each stage are described below.
Primary Treatment
Most treatment of wastewater begins with preliminary screening to remove
large solid matter. The screenings are either removed as sludge or ground up
by a communinutor and returned to the incoming flow. The effluent is treated
in a grit chamber -- a rectangular tank in which the velocity of the flow is con-
trolled causing the heavier inorganic matter (sand and grit) to settle out; the
lighter suspended organic matter is carried along.
Following the screening of coarse materials and the removal of grit the
wastewater is passed through settling tanks. The settling tank also operates
on the principle of gravity -- the velocity of flow is sufficiently slow for a
considerable portion of the suspended particles to settle out and for scum to
flow to the top. The scum is removed by mechanical scrapers. The sludge, both
-sediment and scum, requires further treatment.
This primary treatment removes approximately 50% of the suspended solids
and 35% of the associated BOD (biological oxygen demand).15 Many communities
provide only primary treatment before chlorination and disposal. However this
results in substantial pollution of the receiving bodies of water.
Secondary treatment
Secondary treatment processes are primarily biological. Bacteria react with
the effluent in the presence of oxygen, changing the waste into settleable organic
material or inert mineral substances through adsorption, digestion, oxidation,
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assimilation, or decomposition.
There are three basic methods of secondary treatment, The two most
commonly used in the United States are trickling filtration and the activated
sludge process. The third, the waste stabilization pond, requires considerable
acreage and operates most successfully in warm climates. Consequently it has
been used less frequently in the United States and Europe than the other two.
Trickling Filtration: This process sprinkles the effluent from the primary
stage over a bed of crushed stone or other coarse material. Micro-organisms
attached to the stones digest the waste matter. Oxygen is circulated between
the stones or other filtering media. The products of this action are washed
out and carried to the next unit, a settling basin.
Trickling filters remove 70-90% of the suspended solids, 70-95% of the
bacteria, 20-30% of the phosphates, and 65-90% of the BOD.16 However there
are disadvantages to the system: the filters require backwashing to prevent
clogging with solid matter; and effectiveness of the process depends on the
health of the micro-organisms -- which are upset by variations in the rate of
flow or the character of the waste. Destruction of the biomass necessitates the
closing of the treatment plant.
Activated Sludge: This process accomplishes the same job in a completely
wet environment. The effluent from the primary treatment process enters a tank
containing sludge returned from the final settling basin ('activated' sludge
since it has already been through the process) and rich with biological growth.
The particles in the raw sewage are acted upon by the biological growth in the
activated sludge. Oxygen is constantly bubbled through the tank. This process
is followed by a settling tank which removes the particles (similar to the
primary settling tank). Some sludge is returned to the tank as activated sludge;
that which is not returned must receive further treatment.
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The activated sludge process removes 65-95% of suspended solids,
80-98% of bacteria, 35-45% of phosphates, and 68-85% of BOD.17 This process
responds poorly to fluctuations in flow and type of waste.
These two processes are completely comparable as far as effluent quality.
The activated sludge operation is more compact, has lower initial construction
costs and higher operating expenses.. It requires continuous supervision and
regulation of the biomass. The filtering plant needs only intermittent checking
and cleaning of filters.
Stabilization Ponds: The third methods of secondary treatment is the waste
stabilization pond. Wastewater, which may or may not have received some
preliminary treatment, is retained in a pond or series of ponds for periods of
up to several weeks. In a properly designed and operated pond over 90% of the
suspended solids and BOD can be removed and the number of micro-organisms much
reduced.18
Ponds vary considerably in design. They are usually built to maintain a
water depth of not less than one metre. In ponds arranged in series solids are
retained and organic matter is digested and stabilized. The oxygen required
for oxidation is usually obtained from the air of the photosynthetic activity
of algae. Recently mechanical aeration has been introduced making it possible
to design stabilization ponds for climatic conditions under which they would
otherwise be infeasible.
Stabilization ponds have been.constructed in many developing countries.
In areas where land is available and inexpensive this process can be used to
treat raw sewage to a high standard at very low cost; a further advantage is
that mechanical equipment is not required and the need for skilled labor is
minimal. Goethert estimates that 100 to 500 households can be supported per
acre of pond at 1/10 to 1/50 the cost of septic tanks.19
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Until recently the 90-95%-purity achieved by secondary treatment processes
has been considered quite satisfactory unless large settlements existed imme-
diately downstream or unless the receiving body of water was used directly as
drinking water. However recent concern for environmental quality and the
scarcity ofwater leading to more extensive re-use, have meant that secondary
treatment alone is no longer adequate to produce the quality of effluent required.
Tertiary (advanced) Treatment: The aim of advanced treatment processes is to
achieve purity levels of 98-99% removal of suspended solids and BOD. This
achievement is an expensive and complex process - or series of process.
Commonly called tertiary treatment, these processes may be more accurately
designated 'advanced' treatment since rather than serving as a third stage of
treatment they are usually combined with the secondary treatment, occuring
before, during, and after the secondary processes just described. Some of the
methods used are refined and improved versions of the trickling filter and
activated sludge units arranged in multi-unit chains. Other processes through
which the waste may be channeled to achieve a high quality effluent include:
(1) rapid sand filtration: A method similar to that used for drinking
purification. The process consists of pumping the liquid from the
secondary treatment units on top of a bed of sand through which it is
filtered and collected underneath. The filter must be backwashed
reularly.
(2): Very similar results can be obtained with the use of mechanical
microstrainers -- moving screens of a very fine mesh stainless
steel fabric which strain the effluent.
(3) ion exchange: Only part of the effluent needs to be treated for
almost complete salt removal, the remained being diluted with the
treated water. The wastewater is passed through a magnet which
strips out the ionized particles.
(4) chemical precipitation: THe introduction of chemicals such as alum,
lime, and ferric chloride into the screened effluent causes
suspended solids to floculate. The wastewater is passed into a
sedimentation tank where the large artificial particles settle
out. This considerably reduces the load on the biological filters
which follow. This process clarifies the water. A sufficient
addition of lime will also result in the removal of the phosphate
content of the wastewater.
131)
(5) activated carbon treatment: activated carbon is used to remove a wide
variety of organic materials, particularly those of industrial origin.
Plants producing drinking water use carbon for taste and odor control.
The most common procedure is to pass the clarified water through
columns filled with granular carbon which becomes saturated with the
organic material. The carbon may be re-generated by heat.
(3) Disposal
A variety of methods exist for the disposal of the output of these treatment
processes. The method to be used will vary depending on local conditions and
the quality of the waste to be disposed. The following section will discuss
separately disposal of sludge and liquid effluent. The latter discussion will
include the re-use of water emerging from advanced treatment processes.
Sludge Disposal
If sewage is treated in stablization ponds no substantial problem of sludge
disposal arises. However if filtration or activated sludge processes are used
there will be a continuous output of liquid sludge. The disposal of this sludge
is often the most difficult part of the sewage treatment process. The difficulty
of disposal increases with the size of the treatment plant and the municipality.
In countries with temperate climates the method of disposal usually adopted
in the past has been open air drying on bottom drained beds, the dried material
being used as a weak fertilizer or for landfill. This system is relatively
inexpernsive, however it requires considerable space and outputs substantial
quantities of waste which require disposal. If the liquid sludge is to be
dried in the open air without unpleasant odors it must first be digested
anaerobically -- an additional expense. The digested sludge, after drying, can
be buried, burned, or used as fertilizer. The cheapness of artifical fertilizer
has discouraged the latter use in the past. However, with the escalating cost
of petroleum based fertilizers this mode of sludge disposal may come to seem
more attractive.
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In treatment plants serving large metropolitan areas the volume of waste
requiring ultimate disposal has become so large that vacuum filtration followed
heat drying and incineration must be used in most cases. The tonnages are
increasing as a result of population increase and also as more and different
pollutants must be removed from the wastewater to meet rising quality standards.
The process is costly and produces ash of which, to date, little use has been
made except as landfill. Incineration offers the added hazard of air pollution.
Effluent Disposal
The means of disposal of liquid effluent depends on the extent of treatment
and the quality of the effluent. The product of most primary and secondary
treatment processes require further assimilation by the natural environment to
render the waste harmless. Dilution, land application, and re-use are the methods
used currently for effluent disposal. Of these, dilution remains the most common
method today -- the effluent is chlorinated to disinfect it and released into
a nearby body of water.
However as the avilable assimilative capacity of the environment becomes
limited and the results of this indiscriminate disposal become clear, discharge
requirements are becoming more stringent and a larger number of contaminants must
be removed. This has increased the range of disposal possibilities. In many
localities treatment plants have recently been designed and located so that the
treated effluent may be disposed of by land application or for a variety of
re-use applications such as golf course irrigation, industrial cooling water, and
ground water re-charge.
In locations where the available supply of fresh water has become inadequate
to meet water needs it is clear that used water must be viewed not as a waste to
be disposed of but as a resource to be re-used. As population and demand continue
to increase and supply remains static the issue of water re-use will take on
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increasing importance in future water and waste technology.
Re-Use
Treated wastewater has been re-used for many years in agriculture. As water
becomes increasingly scarce and treatment plants produce an increasingly pure
effluent, re-use has become more common and the uses more varied. The most common
intentional re-use of wastewater has been in agriculture, industry, and recreation
(for lakes, golf courses, public parks) and municipal re-use (e.g. street washing).
Wastewater can be reliably and continuously purified to any desired level
of purity. The issue is at what point the expense of the process exceeds the
value of the re-cycled water. Until recently water has not been intentionally
re-used for human consumption and this remains a controversial practice, the
public acceptance of which is questionable. However in situations where waste-
water was the only feasible source of water and public education was undertaken
responsibly acceptance proved a surmountable problem.
It must be pointed out that in reality the re-use of wastewater for drinking
is currently widely practiced in the world unintentionally. Communities treating
polluted surface water for drinking are in effect re-using wastewater. For
example Nitro, West Virginia draws its water supply from the Kanawha River -- a
well known receiving system for industrial and municipal wastes; and Cleveland,
Ohio draws it water from polluted Lake Erie.20 A U.S. Government survye of the
155 largest cities in the country shows that 145 have some raw waste in their
water supply and that 11%, serving one-third of the study population, delivered
water of lower quality than the effluent of advanced treatment plants.21
Windhoek, South Africa has the leading (and most often cited) system of
re-use in the world, supplying up to 25% of the comunity's tap water,22 This
type of re-use can be expected to increase, For example, Denver has produced a
long range plan describing the stages envisaged in re-use of water for the
metropolitan area.
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The following treatment system is suggested for the treatment of wastewater
to produce potable water.
24 Table 1 illustrates the costs of the separate
treatment stages.
TREATMENT SYSTEM FOR PRODUCING POTABLE. WATER
Raw Primary
wastewaterI
Activated Biological
7 Sludge Process Nitrification
Carbon Dual Media Lime Treatment
Treatment Filtration
Ion Chlorination Renovated
Exchange Wastewater
TABLE 1: Costs for a Treatment Plant with a Capacity of 38,000 m 3/day for the
Production of Potable Water
primary treatment aid activated
sludge process
biological nitrification
lime treatment
dual-media filtration
carbon treatment
ion exchange (4u% mineral removal)
chlorination (15 mg/l)
TOTAL
Capital Cost
($)
2,400,000
1,030,000
1,500,000
510,000
1,600,000
1,200,000
.80,000
8,320,000
Operating Cost
($/m )
0.027
0.011
0.025
0.009
0.026
0.034
0.003
0.135
Two of the most difficult components of wastewater from the point of view
of re-use are tie chemicals carried by industrial wastewater and the bacteria
added by human feces. This suggests that if non-water-borne systems were used
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for disposal of human feces and treatment of other household wastewater took place
at the household or community level (before combination with industrial wastes)
it would be considerably less expensive and less technologically complex to
produce potable water for re-use. Water treated close to the point of origin
is less well-mixed -- making separation of waste matter from water less difficult.
Re-cycling systems developed for use in recreational vehicles and homes in
the United States provide a technology which may be adapted at lower cost for
this less complex task. The closed systems invented for use in space craft are
another example of the recycling technology which could be used to make an
individual household self-sufficient in its waste disposal and water facilities.
At present these systems are too expensive for large scale use in developing
countries, but their low-cost adaptation should be viewed as a high priority.
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